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PHOTOTHERMOGRAPHIC MATERIAL 

FIELD OF THE INVENTION 

The present invention relates to a photothermographic material . 
In particular, it relates to a photothermographic material that can 
provides sufficient image density and can sufficiently suppress 
coloration of blank portions during storage in the dark after 
developmen t . 

BACKGROUND OF THE INVENTION 

In recent years, reduction of amount of waste processing 
solutions is strongly desired in the medical diagnosis field and the 
photographic art field from the standpoints of environmental 
protection and space savings. Techniques relating t o pho t o s en s i t i ve 
thermographic materials for use in medical diagnosis and 
photographic - art processes are required which enables efficient 
exposure by a laser image setter or a laser imager and formation of 
a clear black image having high resolution and sharpness. The 
photosensitive thermographic materials can provide users with a 
simple and non - p o 1 1 u t i n g heat development processing system that 
eliminates the use of s o 1 u t i on - t y p e processing chemicals. 

The same is demanded in the field of ordinary i ma g e - f o r m i ng 
materials. However, photo-images for medical use require high image 
quality excellent in sharpness and graininess as they need very fine 
images. In addition, for easy diagnosis, cold monochromatic images 
are preferred. At present, various types of hard copy systems using 
pigment and dye, for example, ink jet printers and 
electrophotographic systems are available as ordinary imaging 
systems. However, no satisfactory image-forming system is available 
for medical use. 

Meanwhile, methods utilizing a silver salt of an organic acid 
for forming an image by heat development are described, for example, 
in U.S. Patent Nos. 3,152,904 and 3,457,075 and D. Klostervoer, 
"Thermally Processed Silver Systems", Imaging Processes and 
Materials, Neblette, 8th ed. , compiled by J. Sturge, V. Walworth and 
A. Shepp, Chapter 9, p. 279, (1989). The photothermographic material, 
in particular, comprises a i ma g e - f orm i ng layer (photosensitive 
layer) containing a p h o t o c a t a 1 y s t (e.g., silver halide) in a 
c a t a 1 y t i c a 1 1 y active amount, a reducing agent, a reducible silver 
salt (e.g., silver salt of an organic acid), and optionally a toning 
agent for controlling tone of silver, which are usually dispersed 
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in a binder matrix. When the photo thermographi c material is heated 
at a high temperature {e.g., 80°C or higher) after imagewise light 
exposure, a monochromatic black silver image is produced through an 
oxidation - reduction reaction between the silver halide or the 
reducible silver salt (which functions as an oxidizing agent) and 
the reducing agent. The oxidation-reduction reaction is accelerated 
by catalytic action of a latent image of silver halide generated upon 
exposure. Therefore, the monochromatic silver images are formed in 
exposed areas of the materials. This technique is disclosed in many 
references including U.S. Patent 2,910,377 and Japanese Patent 
Publication (Kokoku, hereinafter referred to as JP-B) 43-4924, and 
Fuji Medical Dry Imager FM-DP L was put into the market as an 
image - forming system for medical diagnosis utilizing 
photothermographic materials. 
^* Because the aforementioned photothermographic materials are 

not subjected to fixation after heat development, the thermally 
reactive organic acid silver salt and reducing agent are left in the 
photothermographic materials as they are. Thus, they suffer a 
problem that blank portions thereof are colored if the materials are 
stored for a long period of time after the heat development. Phenol 
type reducing agents (see, for example, European Patent Publication 
EP0803764A1, Japanese Patent Laid-open Publication (Kokai, 
hereinafter referred to as JP-A) 51-51933, JP-A-6-3793 etc.) are 
effectively used for the photothermographic materials because of 
their high reactivity, and the coloration of blank portions can 
effectively be suppressed by reducing the amount thereof to be used. 
However, if the amount of o-bisphenol type reducing agent to be used 
is reduced, it becomes impossible to obtain sufficient image density, 
and thus image storability is difficult to be compatible with image 
density. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
a photothermographic material that can provide sufficient image 
density at practical reaction temperatures (specifically 100-140°C) 
with practical reaction times (specifically 1-30 seconds), and can 
sufficiently suppress coloration of blank portions during storage 
in the dark after development. 

The inventors of the present invention conducted extensive 
studies to achieve the aforementioned object. As a result, they 
found that, if a phenol compound, which is used as a reducing agent, 
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and a compound having a particular hydrogen bond formation rate 
constant were used in combination in pho t o t he rmog r aph i c materials, 
sufficient image density could be obtained and image storability 
could be markedly improved without substantially degrading the 
reducing property. Thus, they accomplished the present invention. 

That is, the present invention provides a ph o t o t h e r mog r a p h i c 
material comprising, on one side of a support, a photosensitive silver 
halide, a non - pho t o s en s i t i ve silver salt of an organic acid, a 
reducing agent for silver ions and a binder, wherein it contains one 
or more phenol compounds as the reducing agent and one or more 
compounds satisfying at least one of the following requirements A 
and B in combination: 

A: the hydrogen bond formation rate constant Kf is 20-4000, 

B: the chemical structure is represented by the following formula 

(II), (III), (IV) or (V), or has a phosphoryl group: 




(IV) (V) 

In the formula (II) , R 21 and R 22 independently represent an alkyl 
group, and R 23 represents an alkyl group, an aryl group or a 
heterocyclic group. Two or more of R 2 1 , R 22 and R 23 may be taken 
together to form a ring. 

In the formula (III), R 3 1 and R 3 2 independently represent an 
alkyl group, an aryl group or a heterocyclic group. R 3 1 and R 3 2 may 
be taken together to form a ring. 

In the formula (IV) , R 41 and R 4 2 independently represent an alkyl 
group, an aryl group or a heterocyclic group. R 4 3 represents an alkyl 
group, an aryl group, a heterocyclic group or - N ( R 44 ) ( R 4 5 ) . r 4 4 and 
R 45 independently represent an alkyl group, an aryl group or a 
heterocyclic group. Two or more of R 4 1 , R 42 , R 4 3 , R 44 and R 4 5 may be 
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taken together to form a ring. 

In the formula (V), R 51 , R s \ R 5 \ R 54 and R 55 independently 
represent a hydrogen atom or a substituent. Two or more of R 51 , R 52 , 
R 53 , R 54 and R 55 may be taken together to form a ring. 

The phenol compound contained in the photothermographic 
material of the present invention is preferably an o-polyphenol 
compound, in particular, a compound represented by the following 
formula ( I ) . 




and R 7 are hydrogen atoms, R 1 and R 8 
R 3 and R 6 independently 



(I) 



In the formula, R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 and R 8 independently 
represent a hydrogen atom or a group that can substitute on a benzene 
ring, and L represents a group - S - or a group - C H R 9 - where R 9 represents 
a hydrogen atom or an alkyl group. 

As the compound represented by the formula (I), preferred are 
those compounds where R 2 , R 4 , 
independently represents an alkyl group 
represents an alkyl group, and L is - CH R 9 - . Particularly preferred 
are those compounds where R 1 and R 8 independently represent a 
secondary or tertiary alkyl group. 

The photothermographic material of the present invention 
preferably contains a compound of which hydrogen bond formation rate 
constant Kf is 70 to 4000. 

Further, the photothermographic material of the present 
invention preferably contains an o-polyphenol compound and one or 
more compounds having a phosphoryl . The compound having a phosphoryl 
group is preferably a compound represented by the following formula 
(VI) : 



>61^ 
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(IV) 



In the formula, R , R and R independently represent an alkyl 
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group, an aryl group, an aralkyl group, an alkoxy group, an aryloxy 
group, an amino group or a heterocyclic group. 

In the present specification, indicates a range including 

numerical values mentioned before and after it as the minimum and 
maximum values, respectively. 

By using a phenolic compound and a compound having a hydrogen 
bond formation rate constant Kf of 20-4000 or represented by the 
formula (II), (III), (IV) or (V) or a compound having a phosphoryl 
group in combination, it became possible to provide a 
photothermographic material that can provide sufficient image 
density at a practical reaction temperature and within a practical 
reaction time, and can sufficiently suppress coloration of blank 
portions after development and storage in the dark. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view of an exemplary heat developing apparatus 
used for the examples. In the figure, there are shown a 
photothermographic material 10, carrying-in roller pairs 11, 
carrying-out roller pairs 12, rollers 13, a flat surface 14, heaters 
15, and guide panels 16. The apparatus consists of a preheating 
section A, a heat development section B , and a gradual cooling section 
C . 

Fig. 2 shows an inner packaging material 2 containing stacked 
photothermographic material sheets 1 in a predetermined size, which 
is further packaged with an outer packaging material 3. 

Fig. 3 shows stacked photothermographic material sheets 1 
packaged with an inner packaging material 20. 

Fig. 4 is a side view of the photothermographic material having 
a support 10, an image- forming layer 11 and a surface protective layer 
12 stacked in this order on one surface of the support, and a back 
layer 13 provided on the other side of the support. 

PREFERRED EMBODIMENTS OF THE INVENTION 

The photothermographic material of the present invention 
comprises, on one side of a support, a photosensitive silver halide, 
a non - photosensi t i ve silver salt of an organic acid, a reducing agent 
for silver ions and a binder. It is characterized by containing (1) 
one or more phenol compounds as the reducing agent, and (2) one or 
more compounds satisfying at least one of the requirement A (it has 
a hydrogen bond formation rate constant Kf of 2 0 - 4 0 0 0 ) and the 
requirement B (it has a structure represented by the aforementioned 
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formula (II), (III), (IV) or (V), or has a phosphoryl group), in 
combina tion . 

The photothermographic material of the present invention 
contains one or more phenol compounds. It is known that a phenol 
compound is used as a reducing agent as seen in European Patent 
Publication EP0803764A1, J P - A - 5 1 - 5 1 9 3 3 , JP-A-6-3793 and so forth, 
and such known phenol compounds can be used for the present invention. 

As a result of the extensive study of the present inventors, 
it was found that, if such a known reducing agent and a compound 
represented by the formula (II), (III), (IV) or (V) or a compound 
having a phosphoryl group were used in combination, there could be 
obtained a surprising effect that image storability could be markedly 
improved with substantially maintaining the h e a t - d e v e 1 op a b i 1 i t y . 

As the phenol compound used for the present invention, 
o-polyphenol compounds are preferred because of their high 
heat-developability. 

The u o • polyphenol compound " referred to in the present 
specification may be any compound, so long as it is a reducing agent 
containing the following structure. 



OH OH 




Among such compounds, those compounds of the formula (I) are 
preferred because of their higher heat-developability. The 
compounds of the formula (I) will be explained in detail. 

In the formula (I) , R 1 to R B independently represent a hydrogen 
atom or a group that can substitute on a benzene ring. Examples of 
the group that can substitute on a benzene ring include a halogen 
atom, an alkyl group, anaryl group, anaralkyl group, an alkoxy group, 
an acylamino group, a sulfonamide group, an acyl group, a carbamoyl 
group, a sulfamoyl group, an a 1 kox y c a r bony 1 group, a sulfonyl group, 
an alkoxyalkyl group, an a c y 1 a m i n o a 1 ky 1 group and so forth. Examples 
of the alkyl group include methyl group, ethyl group, propyl group, 
butyl group, i s op r op y 1 g r ou p , t - bu t y 1 g r oup , t-amyl group, cyclohexyl 
group, 1 - m e t hy 1 c y c 1 ohexy 1 group and so forth. Examples of the 
aralkyl group include benzyl group and so forth. 

Preferably, R 1 , R 3 , R 6 and R 8 independently represent an alkyl 
group, more preferably a primary alkyl group having 1-20 carbon atoms, 
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a secondary alkyl group having 3-20 carbon atoms, or a tertiary alkyl 
group having 4-20 carbon atoms. 

These groups may further have one or more suitable substituents. 
Examples of the substituents include a halogen atom, an aryl group, 
a heterocyclic group, an alkoxy group, an aryloxy group, an alkylthio 
group, an arylthio group, a hydroxyl group, an acyloxy group, an amino 
group, an a 1 koxy c a r bony 1 group, an acyl group, an acylamino group, 
an oxycarbonyl group, a carbamoyl group, a sulfonyl group, a sulfamoyl 
group, a sulfonamide group, a phosphoryl group, a carboxyl group and 
so forth . 

Examples of the primary alkyl group include methyl group, ethyl 
group, propyl group, butyl group, pentyl group, hexyl group, heptyl 
group, octyl group, nonyl group, decyl group, dodecyl group, benzyl 
group, me thoxyme thy 1 group, 2 - me thoxy e t hy 1 group, phenethyl group, 
hexyl oxycarbonylme thyl group and so forth. Preferred are methyl 
group and ethyl group. 

Examples of the secondary alkyl group include isopropyl group, 
cyclohexyl group, cyclopentyl group, 1 ♦ methoxymethyl - ethyl group, 
1-butoxyethyl- ethyl group and so forth. Preferred are unsubstituted 
secondary alkyl groups, and particularly preferred are isopropyl 
group and cyclohexyl group. 

Examples of the tertiary alkyl group include t-butyl group, 
t-amyl group, t-octyl group, 1 • me t hy 1 cy c 1 ohexy 1 group, 
1 - m e t hy 1 c y c 1 op en t y 1 group, 1 - me thy 1 cyclopropyl group, 1-methyl-l- 
phenylethyl group, 1 , 1 - di me t hy 1 - 4 - hexy 1 oxy c a rbony 1 bu t y 1 group and 
so forth. Preferred are unsubstituted tertiary alkyl groups, 
particularly preferred are t-butyl group and 1 - me t hy 1 c y c 1 one x y 1 
group, and the most preferred is t-butyl group. 

Preferably, R 1 and R 8 independently represent a secondary alkyl 
group or a tertiary alkyl group. If a secondary alkyl group or a 
tertiary alkyl group is selected, coating amount can be markedly 
reduced, and hence the production cost of the pho t o t h ermog r aph i c 
material and labors may be markedly reduced. Further, if a secondary 
alkyl group or a tertiary alkyl group is selected, image storability 
is extremely degraded, unless a compound having a phosphoryl group 
is used in combination. However, by using them in combination 
according to the present invention, the image storability is markedly 
improved. In view of development activity, tertiary alkyl groups 
are preferred as R 1 and R 8 . While R 1 and R 8 may be identical or 
different, they are preferably identical to each other. 

As R 3 and R 6 , unsubstituted alkyl groups are preferred. 
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Specific examples thereof include methyl group, ethyl group, propyl 
group, butyl group, isopropyl group, t-butyl group, t-amyl group, 
cyclohexyl group, 1 - methyl cyclohexyl group and so forth. More 
preferred are methyl group, ethyl group, isopropyl group and t-butyl 
group, and most preferred are methyl group and ethyl group. 

Preferably, R 2 , R 4 , R 5 and R 7 independently represent a hydrogen 
atom, a halogen atom or an alkyl group, more preferably a hydrogen 
atom. 

L represents a group -S- or a group -CHR 9 - where R 9 represents 
a hydrogen atom or an alkyl group. The alkyl group is preferably 
one having 1-20 carbon atoms, which may be u n s ub s t i t u t e d or 
substituted with another or other s ub s t i t u e n t s . Examples of the 
unsubs ti tuted alkyl group include methyl group, ethyl group, propyl 
group, butyl group, heptyl group, undecyl group, isopropyl group, 
1 - e thylpentyl group, 2 , 4 , 4 - t r i m e t h y 1 p e n t y 1 group and so forth. 
Examples of the substituent for the alkyl group are similar to those 
mentioned for R 1 , R 3 , R 6 and R 8 . R 9 is more preferably a hydrogen atom 
or an u n s ub s t i t u t e d alkyl group having 1-12 carbon atoms, further 
preferably a hydrogen atom or an alkyl group having 1-7 carbon atoms, 
particularly preferably a hydrogen atom, methyl group or n-propyl 
group . 

Specific examples of the phenol compound of the formula (I) 
used for the present invention will be listed below. However, the 
phenol compounds that can be used for the present invention are not 
limited to these. 




8 



(1-3) 



(1-4) 



OH OH 



C,H 



OH T 3 7 OH 





(1-5) 



(1-6) 



OH QH 





(1-7) 



(1-8) 



CnH-> 





(1-9) 



(1-10) 



OH i QH 




OH ? 3 " 7 OH 





(1-12) 



C 2 H 5 C 2 H 5 



OH 


OH 




if 


C 2 H 5 


C 2 H 



(1-13) 




(1-14) 



j H J 


OH I 


OH 


[ H j 











(1-15) 



j H 


OH I 


OH 


H J 










(1-16) 




(I- 


- 17) 


I OH 


OH 1 




OH 






• 1 





C3H7 OH 



n 



10 



(1-18) 



(1-19) 



OH I OH 




SCj 2 H 2 5 
OH 




(1-20) 



COC 7 H 15 
.NH 

oh r OH 




(1-21) 



OH OH 
COOQ,^ ' 



(1-22) 



OH 


93 H 7 OH 






CH 2 
1 

OCH 3 


CH 2 
1 

OCH 



(1-23) 



CH^CONH 



OH OH 




NHCOCH 3 NHCOCH3 
( 1- 26) ( 1 - 27) 




12 



(1-31) (1-32) 

OH OH OH OH OH OH 




Other than the above compounds, specific examples of the phenol 
compound used for the present invention are also seen in European 
Patent Publication EP0803764A1, JP-A-51-51933 and JP-A-6-3793. 

The addition amount of the phenol compound is preferably 
0.01-4.0 g/m 2 , more preferably 0.1-2.0 g/m 2 . With respect to one mole 
of silver on the surface having the i ma g e - f o rm i n g layer, it is 
preferably 2-40 mole %, more preferably 5-30 mole %. 

Now, the compound having a hydrogen bond formation rate 
constant Kf of 20-4000 will be explained. 

The hydrogen bond formation rate constant Kf, which is used 
as an index of hydrogen bond formation, is a constant that was examined 
by R.W. Taft et al. in J. Am. Chen. Soc . , 9 1, 4 7 9 4 ( 1 9 6 9), etc. This 
is a reaction rate constant in a reaction where a hydrogen bond is 
formed between p-FC 6 H 4 OH and a compound, and it is measured by F - NMR 
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or IR or by using a thermodynamic technique. Specific hydrogen bond 
formation rate constants Kf of various compounds are mentioned in 
the aforementioned J. Am. Chem. Soc . , 9 1. 4794 (1969). In the present 
invention, Kf is preferably 20-4000, more preferably 70-4000, further 
preferably 100-4000, particularly preferably 250-2000. Typical 
examples of compounds having a hydrogen bond formation rate constant 
Kf of 20-4000 are listed below. 
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The compound of the formula (II) will be explained in detail 
hereafter. 

In the formula (II) , R 21 and R 22 independently represent an alkyl 
group. R 23 represents an alkyl group, an aryl group or a heterocyclic 
group. These groups may be un s ub s t i t u t ed or may be substituted with 
one or more substituents. Examples of the substituents include those 
substituents mentioned hereinafter for R 51 . As specific examples of 
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R 2 1 and R 22 , there can be mentioned methyl group, ethyl group, propyl 
group, butyl group, isopropyl group, t-butyl group, t-amyl group, 
cyclohexyl group, 1-methylcyclohexyl group, benzyl group and so forth 
as the alkyl group, phenyl group, p-tolyl group, p - m e t hox y p h e ny 1 
group and so forth as the aryl group, 2 - tetrahydrof uranyl group, 
4-pyridyl group and so forth as the heterocyclic group. These groups 
may be u n s ub s t i t u t e d or may be substituted with one or more other 
subs t i t uen t s . The alkyl group referred to herein does not include 
an alkenyl group or an alkynyl group. Two or more of R 2 1 , R 22 and R 2 3 
may be taken together to form a ring. 

The compound of the formula (III) will be explained in detail 
hereafter . 

In the formula (III), R 3 1 and R 32 independently represent an 
alkyl group, an aryl group or a heterocyclic group. These groups 
may be un sub s t i tu t ed or may be substituted with one or more 
subs t i tu en t s . Examples of the substituents include those 

substituents mentioned hereinafter for R 51 . As specific examples of 
R 31 and R 32 , there can be mentioned methyl group, ethyl group, propyl 
group, butyl group, isopropyl group, t-butyl group, t-amyl group, 
cyclohexyl group, 1 - methyl cyclohexyl group, benzyl group and so forth 
as the alkyl group, phenyl group, p-tolyl group, p - me t hoxypheny 1 
group and so forth as the aryl group, 2 - t e t r a hy d r o f u r a ny 1 group, 
4-pyridyl group and so forth as the heterocyclic group. These 
substituents may be un s ub s t i t u t ed or may be substituted with one or 
more other substituents. R 3 1 and R 32 may be taken together to form 
a r ing . 

The compound of the formula (IV) will be explained in detail 
hereafter . 

In the formula (IV) , R 4 1 and R 4 2 independently represent an alkyl 
group, an aryl group or a heterocyclic group. R 4 3 represents an alkyl 
group, an aryl group, a heterocyclic group or -N ( R 44 ) ( R 46 ) . R 4 4 and 
R 4 5 independently represent an alkyl group, an aryl group or a 
heterocyclic group. These groups may be unsubstituted or may be 
substituted with one or more substituents. Examples of the 
substituents include those substituents mentioned hereinafter for 
R 5 1 . As specific examples of R 4 1 , R 4 2 and R 4 3 , there can be mentioned 
methyl group, ethyl group, propyl group, butyl group, isopropyl group, 
t-butyl group, t-amyl group, cyclohexyl group, 1-methylcyclohexyl 
group, benzyl group and so forth as the alkyl group, phenyl group, 
p-tolyl group, p - me thoxyph eny 1 group and so forth as the aryl group, 
2 - tetrahydrof uranyl group, 4-pyridyl group and so forth as the 
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heterocyclic group. These substituents may be u n s ub s t i t u t e d or may 
be substituted with one or more other substituents. Two or more of 
R 4 1 , R 42 , R 43 , R 44 and R 4 5 may be taken together to form a ring. 

The compound of the formula (V) will be explained in detail 
hereafter. 

In the formula (V), R 51 , R 52 , R 53 , R 54 and R S5 independently 
represent a hydrogen atom or a substituent. Examples of the 
substituent include a linear, branched or cyclic alkyl group, a linear, 
branched or cyclic alkenyl group, an alkynyl group, an aryl group, 
an acyloxy group, an a 1 k o x y c a r b o ny 1 oxy group, an a r y 1 oxy c a r bon y 1 oxy 
group, a carbamoyloxy group, a carbonamide group, a sulfonamide group, 
a carbamoyl group, a sulfamoyl group, an alkoxy group, an aryloxy 
group, an a r y 1 oxy c a r bony 1 group, an a 1 koxy ca rbony 1 group, an 
N - ac y 1 su 1 f amoy 1 group, an N - s u 1 f amoy 1 c a r ba m oy 1 group, an 
a 1 ky 1 s u 1 f ony 1 group, an arylsulfonyl group, an a 1 koxycarbony 1 ami no 
group, an a ry 1 oxy ca rbony 1 am i no group, an amino group, an ammonio 
group, a cyano group, a nitro group, a carboxyl group, a hydroxy group, 
a sulfo group, a mercapto group, an a 1 ky 1 su 1 f i ny 1 group, an 
arylsulfinyl group, an alkylthio group, an arylthio group, a ureido 
group, a heterocyclic group (for example, 3- to 12-membered 
monocycles or condensed cycles containing at least one nitrogen atom, 
oxygen atom, sulfur atom or the like), a he t er ocyc 1 y 1 oxy group, a 
he t e r ocy c 1 y 1 1 h i o group, an acyl group, a sul f amoy 1 ami no group, a 
silyl group, a halogen atom and so forth. 

Specific examples of the substituent include a hydrogen atom, 
a linear, branched or cyclic alkyl group having 1-10 carbon atoms 
(e.g., tr i f luorome thy 1 , methyl, ethyl, propyl, h ep t a f 1 uo r op r opy 1 , 
isopropyl, butyl, t-butyl, t-pentyl, cyclopentyl, cyclohexyl, octyl, 
2-ethylhexyl etc.) , a linear, branched or cyclic alkenyl group having 
2-10 carbon atoms (e.g., vinyl, 1-methylvinyl, cyclohexen-l-yl etc.), 
an alkynyl group having 2-10 carbon atoms (e.g., ethynyl, 1-propynyl 
etc.), an aryl group having 6-14 carbon atoms (e.g., phenyl, naphthyl 
etc.), an acyloxy group having 1-10 carbon atoms (e.g., acetoxy, 
benzoyloxy etc . ) , an alkoxycarbonyloxy group having 2- 10 carbon atoms 
(e.g., me thoxycarbony loxy group, 2 - me thoxy e thoxy ca rbony 1 oxy group 
etc.), an a ry 1 oxy c a r bony 1 oxy group having 7-14 carbon atoms (e.g., 
phenoxyca rbony 1 oxy group etc.), a carbamoyloxy group having 1-12 
carbon atoms (e.g., N , N - d i me t hy 1 c a r bamoy 1 oxy etc.), a carbonamide 
group having 1-12 carbon atoms (e.g., formamide, N-methylacetamide, 
acetamide, N - me thy 1 formamide , benzamide etc.), a sulfonamido group 
having 1-10 carbon atoms (e.g., me thanesul f onami do , benzenesulf o- 
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namido, p - t o 1 uenesul f onami do etc.), a carbamoyl group having 1-10 
carbon atoms (e.g., N - me thy 1 carbamoyl , N, N-diethylcarbamoyl , 
N - mesy lcarbamoyl etc.), a sulfamoyl group having 0-10 carbon atoms 
(e.g., N-butylsulfamoyl, N,N-diethylsulfamoyl, N-methyl-N-{4- 
methoxyphenyl ) sulfamoyl etc.), an alkoxy group having 1-10 carbon 
atoms (e.g., methoxy, propoxy, isopropoxy, octyloxy, t-octyloxy 
etc.), an aryloxy group having 6-14 carbon atoms (e.g., phenoxy, 
4 - me thoxyphenoxy , naphthoxy etc.), an a r y 1 ox y c a r bony 1 group having 
7-14 carbon atoms (e.g., ph enoxy ca rbony 1 , naph thoxy ca rbony 1 etc.), 
an alkoxycarbonyl group having 2-10 carbon atoms (e.g., 
me thoxy ca rbony 1 , t - bu toxyca rbony 1 etc.), an N-acylsulfamoyl group 
having 1-12 carbon atoms (e.g., N - e thy 1 s ul f amoy 1 , N-benzoylsulfa- 
moyl etc.), an N - s u 1 f a moy 1 c a r b amoy 1 group having 1-12 carbon atoms 
(e.g., N - methanesul fonyl carbamoyl group etc.), an al kylsul f onyl 
group having 1-10 carbon atoms (e.g., methanesulfonyl, octylsulfonyl, 
2 - me t hoxy e t hy 1 su 1 f ony 1 etc.), an arylsulf onyl group having 6-14 
carbon atoms (e.g., b e n z e n e s u 1 f on y 1 , p - t o 1 uene s u 1 f ony 1 , 4-phenyl- 
su 1 f ony 1 pheny 1 su 1 f ony 1 etc.), an a 1 koxy c arbony 1 ami no group having 

2- 10 carbon atoms (e.g., e thoxy ca rbony 1 ami no etc.), an aryloxy- 
carbonylamino group having 7*14 carbon atoms (e.g., 
phenoxycarbonylamino, na ph thoxy c a rbony 1 ami no etc.), an amino group 
having 0-10 carbon atoms (e.g., amino, methylamino, d i e t hy 1 a m i n o , 
diisopropylamino, anilino, morpholino etc. ) , an ammonio group having 

3- 12 carbon atoms (e.g., t r ime thy 1 ammon i o group, 
dime t hy 1 b en z y 1 ammon i o group etc.), a cyano group, a nitro group, a 
carboxyl group, a hydroxy group, a sulfo group, a mercapto group, 
an al kyl sul f iny 1 group having 1-10 carbon atoms (e.g., 
me thanesul f inyl , o c t a n e s u 1 f i ny 1 etc.) , an arylsulf inyl group having 
6-14 carbon atoms (e.g., b en z e n e s u 1 f i n y 1 , 4 - ch 1 o ropheny 1 su 1 f i ny 1 , 
p- toluenesulf inyl etc.), an alkylthio group having 1-10 carbon atoms 
(e.g., methylthio, octylthio, c y c 1 oh e xy 1 1 h i o etc.), an arylthio 
group having 6-14 carbon atoms (e.g. , phenylthio, naphthylthio etc. ) , 
a ureido group having 1-13 carbon atoms (e.g. 3 - m e t hy 1 u r e i do , 
3 , 3 - dime thylureido , 1 , 3 - d i ph e n y 1 u r e i do etc.), a heterocyclic group 
having 2-15 carbon atoms (a 3- to 12-membered monocycle or condensed 
cycle containing ni trogen, oxygen, sulfuretc. a s a he t e r o a t om , e.g., 
2-furyl, 2-pyranyl, 2-pyridyl, 2-thienyl, 2 - i m i da z o 1 y 1 , morpholino, 
2-quinolyl, 2-benzimidazolyl, 2-benzothiazolyl, 2 • benzooxa zolyl 
etc.), a heterocyclyloxy group (e.g., pyridyloxy, pyrazolyloxy etc.), 
a heterocycly 1 thio group (e.g., t e t r a z o 1 y 1 t h i o , 
1,3,4-thiadiazolylthio, 1,3,4 • oxadiazolyl thio, benzimidazolylthio 
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etc.), an acyl group having 1-12 carbon atoms (e.g., acetyl, benzoyl, 
t r i f 1 u o r o a c e t y 1 etc.), a s u 1 f a moy 1 a m i n o group having 0-10 carbon 
atoms (e.g., N • butyl sul famoylamino, N - ph en y 1 su 1 f amoy 1 am i n o etc.), 
a silyl group having 3-12 carbon atoms (e.g., t r i m e t h y 1 s i 1 y 1 , 
di m e t hy 1 - t - bu t y 1 s i 1 y 1 etc.), a halogen atom (e.g., fluorine atom, 
chlorine atom, bromine atom etc.) and so forth. The aforementioned 
substituents may further have one or more s u b s t i t u e n t s , and examples 
of such substituents are those mentioned above. Two or more groups 
selected from R 51 , R 52 , R 53 , R 5 4 and R 55 may be taken together to form 
a ring. 

Specific examples of the e 1 e c t r on - don a t i ve compounds used for 
the present invention, i.e., compounds of the formulas (II), (III), 
(IV) and (V), will be mentioned below. However, the present 
invention is not limited to these. 






(4) 



(n)C 12 H l5 ^ N ^C 12 H 15 (n) 



CH 3 




18 



(5) 




OCH 3 
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C 6 H 13 (n) 
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The "compound having a phosphoryl group" (it may be referred 
to as a "phosphoryl compound" hereafter) used for the present 
invention may be any compound so long as it is a compound having one 
or more phosphoryl groups . In particular, the compounds represented 
by the aforementioned formula (VI) are preferred. 

In the formula (VI), R 6 1 , R 62 and R 63 independently represent 
an alkyl group, an aryl group, an aralkyl group, an alkoxy group, 
an aryloxy group, an amino group or a heterocyclic group. These 
groups may be un sub s t i t u t ed , or they may have one or more 
subs t i tuen t s . 

Example of the alkyl group include methyl group, ethyl group, 
butyl group, octyl group, dodecyl group, isopropyl group, t-butyl 
group, t-amyl group, t-octyl group, cyclohexyl group, 
1 - me thy 1 cy clohexy 1 group and so forth. Examples of the aryl group 
include phenyl group, cresyl group, xylyl group, naphthyl group, 
4 - t - bu ty 1 phenyl group, 4 - t - o c t y 1 ph e ny 1 group, 4-anisidyl group, 
3,5-dichlorophenyl group and so forth. Examples of the aralkyl group 
include benzyl group, phenethyl group, 2 - ph e nox y p r op y 1 group and so 
forth. Examples the alkoxy group include methoxy group, ethoxy group, 
butoxy group, octyloxy group, 2 - e t hy 1 h e x y 1 oxy group, 
3 , 5 , 5 - trimethylhexyloxy group, dodecyloxy group, c y c 1 ohe x y 1 oxy 
group, 4 - methyl cyclohexyloxy group, ben z y 1 oxy g roup and so forth. 
Examples of the aryloxy group include phenoxy group, cresyloxy group, 
i sop ropy 1 phenoxy group, 4 - t - bu tyl phenoxy group, naphthoxy group, 
biphenyloxy group and so forth. Examples of the amino group include 
dimethylamino group, diethylamino group, dibutylamino group, 
dioctylamino group, N - m e t hy 1 - N - h ex y 1 a m i no group, d i c y c 1 oh exy 1 a m i no 
group, d i phenyl ami no group, N - me thy 1 - N - ph eny 1 am i no group and so 
forth. 

R 6 1 , R 6 2 and R 6 3 preferably represent an alkyl group, an aryl 
group, an alkoxy group or an aryloxy group. More preferably, at least 
one of R 61 , R 62 and R 63 represents an alkyl group or an aryl group, 
and further preferably two or more of them represent an alkyl group 
or an aryl group. It is preferred that R 61 , R 62 and R 63 are the same 
groups from the point that such compounds are available at low cost. 
When R 6 1 , R 62 and R 63 have a substituent, examples of the substituent 
include a halogen atom, an alkyl group, an aryl group, an alkoxy group, 
an amino group, an acyl group, an acylamino group, an alkylthio group, 
an arylthio group, a sulfonamide group, an acyloxy group, an 
oxycarbonyl group, a carbamoyl group, a sulfamoyl group, a sulfonyl 
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group, a phosphoryl group and so forth. Preferred substituents are 
a substituted or unsubstited alkyl group, aryl group, alkoxy group 
and aryloxy group, and examples thereof include, for example, methyl 
group, ethyl group, isopropyl group, t-butyl group, t-octyl group, 
phenyl group, 4 - a 1 k oxy pheny 1 group, 4 - acy 1 oxypheny 1 group, methoxy 
group, phenoxy group and so forth. 

As R 6 3 , a phenyl group is preferred and a phenyl group one of 
which ortho positions is substituted is more preferred. More 
precisely, examples of the substituent at the ortho positions include 
a linear, branched or cyclic alkyl group, a linear, branched or cyclic 
alkenyl group, an alkynyl group, an aryl group, an acyloxy group, 
an alkoxycarbonyloxy group, an a r y 1 o xy c a r bony 1 oxy group, a 
carbamoyl oxy group, a carbonamide group, a sulfonamide group, a 
carbamoyl group , a s u 1 f amoy 1 g roup , an a 1 koxy g r oup , a n a ry 1 oxy g r oup , 
an aryloxycarbony 1 group, an a 1 k oxy c a r bony 1 group, N - a cy 1 sul f amoy 1 
group, N - su 1 f amoy 1 c a rbamoy 1 group, an a 1 ky 1 s u 1 f ony 1 group, an 
arylsulfonyl group, an a 1 koxy c a r b on y 1 am i n o group, an 
aryloxycarbonylamino group, an amino group, an ammonio group, a cyano 
group, a nitro group, a carboxyl group, a hydroxy group, a sulfo group, 
a mercapto group, an a 1 ky 1 s u 1 f i ny 1 group, an arylsulfinyl group, an 
alkylthio group, an arylthio group, a ureido group, a heterocyclic 
group (for example, 3- to 12-membered monocycles or condensed cycles 
containing at least one nitrogen atom, oxygen atom, sulfur atom or 
the like) , a heterocyclyloxy group, a heterocyclylthio group, an acyl 
group, a su 1 f amoy 1 amino group, a silyl group, a halogen atom and so 
forth . 

Specific examples of the substituent include a hydrogen atom, 
a linear, branched or cyclic alkyl group having 1-10 carbon atoms 
(e.g., t r i f luo rome t hy 1 , methyl, ethyl, propyl, hep t a f 1 uo r op r opy 1 , 
isopropyl, butyl, t-butyl, t-pentyl, cyclopentyl, cyclohexyl, octyl, 
2-ethylhexyl etc.) , a linear, branched or cyclic alkenyl group having 
2-10 carbon atoms (e.g., vinyl, 1-methylvinyl, cyclohexen- 1 • yl etc.), 
an alkynyl group having 2-10 carbon atoms (e.g., ethynyl, 1-propynyl 
etc.) , an aryl group having 6-14 carbon atoms (e.g., phenyl, naphthyl 
etc.), an acyloxy group having 1-10 carbon atoms (e.g., acetoxy, 
benzoyloxy etc. ) , an alkoxycarbonyloxy group having 2- 10 carbon atoms 
(e.g., methoxycarbonyloxy group, 2 - me thoxy e thoxy c a rbony 1 oxy group 
etc.), an a r y 1 ox y c a r bony 1 oxy group having 7-14 carbon atoms (e.g., 
phenoxycarbony loxy group etc.), a carbamoyloxy group having 1-12 
carbon atoms (e.g., N , N - d i m e t hy 1 c a r b a moy 1 oxy etc.), a carbonamido 
group having 1-12 carbon atoms (e.g., formamido, N - m e t hy 1 a c e t a m i do , 
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acetamido, N - me thy 1 f ormami do , benzamido etc.), a sul f onamido group 
having 1-10 carbon atoms (e.g., me thane su 1 f onam i do , benzenesul f on - 
amido, p - t o 1 u en e s u 1 f on a m i do etc.), a carbamoyl group having 1-10 
carbon atoms (e.g., N • me t hy 1 ca r bamoy 1 , N, N-diethylcarbamoyl , 
N-mesylcarbamoyl etc.), a sulfamoyl group having 0-10 carbon atoms 
(e.g., N-butylsulfamoyl, N,N-diethylsulfamoyl, N-methyl-N-(4- 
methoxyphenyl ) sul f amoyl etc.), an alkoxy group having 1-10 carbon 
atoms (e.g., methoxy, propoxy, isopropoxy, octyloxy, t-octyloxy 
etc.), an aryloxy group having 6-14 carbon atoms (e.g., phenoxy, 
4 - me thoxyphenoxy , naphthoxy etc.), an a ry 1 oxy c a rbony 1 group having 
7-14 carbon atoms (e.g., phenoxy c a rbony 1 , na ph t hox y c a r b ony 1 etc.), 
an a 1 koxy ca rbony 1 group having 2-10 carbon atoms (e.g., 
me thoxycarbonyl , t - bu t oxy c a r b ony 1 etc.), an N - acyl su 1 f amoyl group 
having 1-12 carbon atoms (e.g., N-ethylsulf amoyl, N-benzoylsulfa- 
moyl etc.), an N - sul f amoyl carbamoyl group having 1-12 carbon atoms 
(e.g., N-methanesul f onyl carbamoyl group etc.), an a 1 ky 1 s u 1 f ony 1 
group having 1-10 carbon atoms (e.g., methanesulfonyl, octylsulf onyl , 
2 -methoxyethylsulf onyl etc.), an arylsulfonyl group having 6-14 
carbon atoms (e.g., b en z en e s u 1 f on y 1 , p - toluenesul f onyl , 4-phenyl- 
sul f ony Ipheny 1 sul f ony 1 etc.), an a 1 koxy c a rbony 1 am i no group having 

2- 10 carbon atoms (e.g., e thoxy c a rbony 1 am i no etc.), an 
aryloxycarbonylamino group having 7-14 carbon atoms (e.g., 
phenoxycarbony lamino , n aph t hoxy c a rbony 1 am i no etc.), an amino group 
having 0-10 carbon atoms (e.g., amino, methylamino, d i e thy 1 a m i n o , 
di i sopropyl amino , anilino, mo r pho 1 i n o e t c . ) , an ammonio group having 

3- 12 carbon atoms (e.g., tr i me thy 1 ammon i o group, d i me t hy 1 b e n z y 1 - 
ammonio group etc.), a cyano group, a nitro group, a carboxyl group, 
a hydroxy group, a sulfo group, a mercapto group, an a 1 ky 1 s u 1 f i n y 1 
group having 1-10 carbon atoms (e.g., m e t h a n e s u 1 f i n y 1 , 
octanesulfinyl etc.) , an arylsulfinyl group having 6-14 carbon atoms 
(e.g., benzenesulfinyl, 4-chlorophenylsulfinyl, p-toluenesulfinyl 
etc.), an alkylthio group having 1-10 carbon atoms (e.g., methyl thio, 
octylthio, cyclohexylthio etc. ) , an arylthio group having 6-14 carbon 
atoms (e.g., phenylthio, naphthylthio etc.), a ureido group having 

1- 13 carbon atoms (e.g. 3 - m e t hy 1 u r e i do , 3 , 3 - d i m e t hy 1 u r e i d o , 
1 , 3 - diphenylureido etc.), a heterocyclic group having 2-15 carbon 
atoms (a 3- to 12-membered monocycle or condensed cycle containing 
at least one nitrogen, oxygen, sulfur etc. as a hetero atom, e.g., 

2- furyl, 2-pyranyl, 2-pyridyl, 2-thienyl, 2 - i m i da z o 1 y 1 , morpholino, 
2-quinolyl, 2-benzimidazolyl, 2-benzothiazolyl, 2-benzoxazolyl 
etc.), a heterocyclyloxy group (e.g., pyridyloxy, pyrazolyloxyetc.), 
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aheterocyclylthiogroup (e.g., tetrazolylthio, 1,3,4- thiadiazoly 1 - 
ihio, 1,3,4-oxadiazolylthio, benzimidazolylthio etc.), an acyl 
group having 1-12 carbon atoms (e.g., acetyl, benzoyl, 
tri f luoroacetyl etc.), a s u 1 f a moy 1 a m i n o group having 0-10 carbon 
atoms (e.g., N -butyl sul famoylamino , N • phenyl sul famoyl amino etc.), 
a silyl group having 3-12 carbon atoms (e.g., t r i me thy 1 s i 1 y 1 , 
d i me t hy 1 - t - bu t y 1 s i 1 y 1 etc.), a halogen atom (e.g., fluorine atom, 
chlorine atom, bromine atom etc.) and so forth. 

The aforementioned substituents may be present on a position 
other than the ortho positions of the phenyl group in R 6 3 . 

When R 63 is a phenyl group having a substituent at its ortho 
position, R 6 1 and R 62 preferably represent an alkyl group or an aryl 
group . 

Specific examples of the compound having a phosphoryl group 
used for the present invention will be listed below. However, the 
present invention is not limited to these. 
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The addition amount of the compound that satisfies at least 
one of the above requirements A and B is preferably 0.01-4.0 g/m 2 , 
more preferably 0.1-2.0 g/m 2 . With respect to one mole of silver on 
the surface having the image - forming layer, it is preferably 2-40 
mole %, more preferably 5-30 mole %. 

The ratio of the addition amounts (molar ratio) of the phenolic 
reducing agent (compound of the formula (I)) and the compound that 
satisfies at least one of the above requirements A and B is preferably 
in the range of 0.1-10, more preferably in the range of 0.1-2.0, 
further preferably in the range of 0.5-1.5. 

The phenol compound (compound of the formula (I)) and the 
compound that satisfies at least one of the above requirements A and 
B are preferably contained in the i ma g e - f o r m i ng layer containing a 
silver salt of an organic acid. However, one of them may be contained 
in the i ma g e - f o r m i n g layer and the other may be contained in a 
non - image - forming layer adjacent thereto, or the both may be 
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contained in a non ■ image • forming layer. Further, when the 
image - forming layer consists of a plurality of layers, they may be 
contained in different layers. 

The phenol compound (compound of the formula (I)) and the 
compound that satisfies at least one of the above requirements A and 
B may be contained in a coating solution in any state, for example, 
in a state of solution, emulsified dispersion, solid mi c r opa r t i c 1 e 
dispersion or the like to be contained in the photosensitive material . 

As a well known e mu 1 s i f i c a t i o n method, there can be mentioned 
a method of mechanically preparing an emulsified dispersion by using 
an oil such as dibutyl phthalate, tricresyl phosphate, glyceryl 
triacetate or diethyl phthalate, ethyl acetate or c y c 1 ohex anone as 
an auxiliary solvent for dissolution. 

As a solid m i c r op a r t i c 1 e dispersion method, there can be 
mentioned a method of preparing a solid dispersion by dispersing 
powder of the phenol compound (compound of the formula (I)) or the 
compound that satisfies at least one of the above requirements A and 
B in a suitable solvent such as water using a ball mill, colloid mill, 
vibrating ball mill, sand mill, jet mill, roller mill or the like 
or by means of ultrasonic wave. In this operation, a protective 
colloid (e.g., polyvinyl alcohol), a surfactant (e.g., an anionic 
surfactant such as sodium t r i i s op r opy 1 nap h t ha 1 en e s u 1 f ona t e (mixture 
of those having three isopropyl groups on different positions) ) and 
so forth may be used. An aqueous dispersion may contain a 
preservative (e.g., b en z i s o t h i a z o 1 i n on e sodium salt). 

A silver salt of an organic acid that can be used in the present 
invention is a silver salt relatively stable against light, but forms 
a silver image when it is heated at 80°C or higher in the presence 
of an exposed pho t o c a t a 1 y s t (e.g., a latent image of photosensitive 
silver halide) and a heat developing agent. The silver salt of an 
organic acid may be any organic substance containing a source capable 
of reducing silver ions. Such non - p h o t o s e n s i t i ve silver salts of 
an organic acid are disclosed in JP-A-10-62899, paragraphs 0048 to 
0049, European Patent Publication EP0803763A1, page 18, line 24 to 
page 19, line 37 and European Patent Publication EP0962812A1. Silver 
salts of an organic acid, in particular, a long chained aliphatic 
carboxylic acid having from 10 to 30, preferably from 15 to 28 carbon 
atoms are preferred. Preferred examples of the silver salt of an 
organic acid include silver behenate, silver a r a c h i d i n a t e , silver 
stearate, silver oleate, silver laurate, silver caproate, silver 
myristate, silver palmitate, mixtures thereof and so forth. 
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The shape of the silver salt of an organic acid that can be 
used for the present invention is not particularly limited. Scaly 
silver salts of an organic acid are preferred for the present 
invention. Scaly silver salts of an organic acid are herein defined 
as follows. A sample of a silver salt of an organic acid is observed 
under an electronic microscope, and the shape of the observed grains 
of the salt of an organic acid is approximated to rectangular 
parallelepiped. The edges of each rectangular parallelepiped are 
named as a, b and c according to increasing size (c and b may be the 
same). From the shorter edges a and b, x is obtained according to 
the following equation: 

x = b / a 

The values of x are obtained for about 200 grains, and an average 
of the value is named as x (average). Samples that satisfy the 
requirement of x (average) > 1 . 5 are defined to be scaly. Scalygrains 
preferably satisfy 30 > x (average) > 1.5, more preferably 20 > x 
(average) > 2.0. Acicular grains satisfy 1 < x (average) < 1.5. 

In scaly grains, "a" is interpreted as the thickness of tabular 
grains of which main planes are defined by the sides of b and c. The 
average of xv a" is preferably from 0.01 pm to 0.23 pm , more preferably 
from 0.1 pm to 0.20 pm . The average of c/b is preferably from 1 to 
6, more preferably from 1.05 to 4, further preferably from 1.1 to 
3, most preferably from 1.1 to 2. 

The grain size distribution of the silver salt of an organic 
acid is preferably mon o d i s p e r s i o n . The term "monodispersion" as 
used herein means that the percentage of the value obtained by 
dividing the standard deviation of the length of the short axis or 
the long axis by the length of the short axis or the long axis, 
respectively, is preferably 100% or less, more preferably 80% or less, 
further preferably 50% or less. The shape of the silver salt of an 
organic acid can be determined from a transmission electron 
microscope image of silver salt of an organic acid dispersion. 
Another method for determining m onod i s p e r s i on includes a method 
involving the step of obtaining the standard deviation of a 
vol ume - wei gh t ed average diameter of the silver salt of an organic 
acid. The percentage (coefficient of variation) of the value 
obtained by dividing the standard deviation by the v o 1 ume - w e i gh t e d 
average diameter is preferably 100% or less, more preferably 80% or 
less, further preferably 50% or less. For example, the value can 
be obtained from a grain size ( vo 1 urn e - w e i g h t e d average diameter) 
determined by irradiating silver salt of an organic acid dispersed 
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in a solution with a laser ray and determining an autocorrelation 
function of the scattered light on the basis of the change in time. 

Methods for production and dispersion of the silver salt of 
an organic acid used for the present invention can be known ones. 
For example, the aforementioned J P - A - 1 0 - 6 2 8 9 9 , European Patent 
Publication EP0803763A1, and EP0962812A1 can be referred to. 

In the present invention, the photosensitive material can be 
produced by mixing an aqueous dispersion of the silver salt of an 
organic acid and an aqueous dispersion of the photosensitive silver 
salt. While the mixing ratio of the silver salt of an organic acid 
and the photosensitive silver salt can be selected depending on the 
purpose, the ratio of the photosensitive silver salt with respect 
to the silver salt of an organic acid is preferably in the range of 
1-30 mole %, more preferably 3-20 mole %, particularly preferably 
5-15 mole %. For the mixing of them, mixing two or more kinds of 
aqueous dispersions of the silver salt of an organic acid and two 
or more kinds of aqueous dispersions of the photosensitive silver 
salt is preferably used for controlling photographic properties. 

While the silver salt of an organic acid can be used in a desired 
amount, it is preferably used in an amount of 0.1-5 g/m 2 , more 
preferably 1-3 g/m 2 , as the amount of silver. 

The photosensitive silver halide that can be used for the 
present invention is not particularly limited as for halogen 
composition, and silver chloride, silver ch 1 orobr omi de , silver 
bromide, silver iodobromide, and si 1 ver chloroi odobromi de may be used 
Distribution of the halogen composition may be uniform in the grains, 
or alternatively, the halogen composition may alter stepwise or 
continuously in the grains. Silver halide grains having a core/ shell 
structure may preferably be used. A double to quintuple structure 
is preferred, and more preferably, core/shell grains having a double 
to quadruple structure may be used. A technique for localizing 
silver bromide on the surface of silver chloride or silver 
chlorobromide grains may also be preferably used. 

Preparations of the photosensitive* silver halide are well 
known in the art. For example, methods described in Research 
Disclosure, No. 17029 (June, 1978) and U.S. Patent No. 3,700,458 can 
be used. More specifically, a method can be used which comprises 
the step of preparing photosensitive silver halide grains by addition 
of a silver - supplying compound and a h a 1 o g en - supp 1 y i ng compound to 
a solution of gelatin or other polymer, and then adding a silver salt 
of an organic acid to the resulting grains. 
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The grain size of the photosensitive silver halide is 
preferably made small in order to suppress turbidity after image 
formation. Specifically, the grain size may preferably be 0.20 pm 
or less, more preferably from 0.01 to 0.15 pm , further preferably 
from 0.02 to 0.12 pm . The term "grain size'' used herein means a 
diameter of a sphere having the same volume as the grain where the 
silver halide grains are regular crystals in cubic or octahedral form 
and where the silver halide grains are irregular crystals such as 
spherical or rod-like grains. Where silver halide grains are tabular 
grains, the term means the diameter of a circle having the same area 
as a projected area of the main surface of the tabular grain. 

Examples of the form of silver halide grains include a cubic 
form, octahedral form, tabular form, spherical form, rod-like form 
and potato-like form. In particular, cubic grains are preferred for 
the present invention. Silver halide grains having round corners 
are also preferably used in the present invention. Surface index 
(Miller index) of outer surfaces of the photosensitive silver halide 
grains is not particularly limited. However, it is desirable that 
[100] face be present in a high proportion that can achieve high 
spectral sensitizing efficiency when a spectral sensitizing dye 
adsorbs thereto. The proportion of [100] face may be preferably not 
lower than 50%, more preferably at least 65%, still more preferably 
at least 80%. The proportion of Miller index [100] face can be 
determined using the method described in T. Tani, J . Imaging Sci., 
29, 165 (1985), where the difference in adsorption property of a 
sensitizing dye to [111] face and [100] face is utilized. 

The photosensitive silver halide grain of the present 
invention desirably contains a metal or metal complex of Group VIII 
to Group X in the periodic table of elements (including Group I to 
Group XVIII). The metal or the center metal of the metal complex 
of Group VIII to X of the periodic table is preferably rhodium, rhenium, 
ruthenium, osmium or iridium. The metal complex may be used alone, 
or two or more complexes of the same or different metals may also 
be used in combination. The metal complex content is preferably from 
1 x 10' 9 to 1 x io° mole per mole of silver. Such metal complexes 
are described in J P - A - 1 1 - 6 5 0 2 1 , paragraphs 0018 to 0 024. 

Among them, an iridium compound is preferably contained in the 
silver halide grains for the present invention. Examples of the 
iridium compound include hexachl oroi r i dium , h examm i ne i r i d i urn , 
trioxalatoiridium, hexacyanoiridium and pentachloroni trosyliridium . 
The iridium compound is used after dissolving the compound in water 
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or an appropriate solvent, and a method commonly used for stabilizing 
the iridium compound solution, more specifically, a method comprising 
adding an aqueous solution of hydrogen halogen ide (e.g. , hydrochloric 
acid, hydrobromic acid, hydrofluoric acid) or halogenated alkali 
(e.g., KC1, NaCl, KBr, NaBr) may be used. Instead of using 
water-soluble iridium, different silver halide grains doped 
beforehand with iridium may be added and dissolved at the time of 
preparation of silver halide. The amount of the iridium compound 
is preferably 1 x 10" 8 to 1 x 10' 3 mole, more preferably 1 x 10' 7 to 
5 x 10~ 4 mole, per mole of silver halide. 

Further, metal complexes that can be contained in the silver 
halide grains used for the present invention (e.g., [ F e ( CN ) 6 ] 4 " ) , 
desalting methods and chemical sensitization methods are described 
in JP - A- 1 1 - 8 4 5 7 4 , paragraphs 0 0 4 6 to 0 0 5 0 and JP-A- 11-65021, 
paragraphs 0025 to 0031. 

In the pho tothermographi c material of the present invention, 
phenol derivatives represented by the formula (A) mentioned in 
Japanese Patent Application No. 11-73951 are preferably used as a 
development accelerator. 

As sensitizing dyes usable for the present invention, 
advantageously selected are sensitizing dyes that, after adsorbed 
onto silver halide grains, can spectrally sensitize the grains within 
a desired wavelength range. Depending on the spectral 

characteristics of the light source to be used for exposure, favorable 
sensitizing dyes having good spectral sensitivity are selected for 
use in the pho t o t he rmog r aph i c material of the invention. For the 
details of sensitizing dyes usable herein and methods for adding them 
to the pho to the rmogr aphi c material of the invention, referred to are 
J P - A - 1 1 - 6 5 0 2 1 , paragraphs 0103 to 0109, compounds of formula (II) 
inJP-A-10-186572, and European Patent Publication EP0803764A1, from 
page 19, line 38 to page 20, line 35. Regarding the time at which 
the sensitizing dye is added to the silver halide emulsion, it is 
desirable that the sensitizing dye is added thereto after the 
desalting step but before the coating step, more preferably after 
the desalting but before the start of the chemical ripening. 

While the addition amount of the sensitizing dye may be used 
in a desired amount depending on performance such as sensitivity and 
fog, it is preferably used in an amount of 10' 6 to 1 mole, more 
preferably 10" 4 to 10" 1 mole, per 1 mole of the silver halide in the 
photosensitive layer. 

In the present invention, a supers en s i t i z e r can be used in 
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order to improve spectral sensitization efficiency. The 
supe r s en s i t i z e r used for the present invention may be compounds 
disclosed in European Patent Publication No. 587338, U.S. Patent Nos. 
3,8 7 7,94 3 and 4,8 7 3,1 84, J P - A - 5 - 3 4 1 4 3 2 , JP-A-11-109547, 
JP-A-10- 111543 and so forth. 

Photosensitive silver halide grains used for the present 
invention are preferably subjected to chemical sensitization by 
sulfur sensitization, selenium sensitization or tellurium 
sensitization. Any known compounds are preferably usable for such 
sulfur, selenium or tellurium sensitization, and for example, the 
compounds described in J P - A - 7 - 1 2 8 7 6 8 are usable for that purpose. 
In the present invention, especially favorable is tellurium 
sensitization. Tellurium sensitizers usable herein include, for 
example, diacyltellurides, bis (oxycarbonyl) tellurides, bis(carba- 
moy 1 ) tel lur ides , diacylditellurides, bis (oxycarbonyl ) ditel lurides < 
bi s ( carbamoyl ) di t el lur ides , compounds with P = Te bond, tellurocarbo ■ 
xylates, t e 1 1 u r o s u 1 f on a t e s , compounds with P-Te bond, 
tel lurocarbonyl compounds, etc. For these, specifically mentioned 
are the compounds described in J P - A - 1 1 - 6 5 0 2 1 , paragraph 0 03 0. 
Particularly preferred are the compounds of formulae (II) , (III) and 
(IV) given in JP-A-5- 313284. 

In the present invention, the chemical sensitization may be 
performed at any time so long as it is performed after the formation 
of the grains and before the coating. It may be performed after 
desalting and (1) before the spectral sensitization, (2) 
simultaneously with the spectral sensitization, (3) after the 
spectral sensitization, (4) immediately before the coating, or the 
like. It is particularly preferably performed after spectral 
sensitization. 

The amount of the sulfur, selenium or tellurium sensitizer for 
use in the present invention varies depending on the type of the silver 
halide grains to be used, the condition for chemical ripening etc., 
but may fall generally between 10' 8 and 10* mole, preferably between 
10' 7 and 10' 3 mole or so, per mol of the silver halide. Although the 
conditions for the chemical sensitization are not particularly 
limited in the present invention, pH falls between 5 and 8, the pAg 
falls between 6 and 11, preferably between 7 and 10, and the 
temperature falls between 40 and 95°C, preferably between 44 and 70°C. 

In the pho tothermographic material of the present invention, 
one or more photosensitive silver halide emulsions may be used or 
two or more different emulsions (for example, those having different 
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average grain sizes, different halogen compositions, different 
crystal habits or different chemical sensitization conditions) may 
be used in combination. By using plural photosensitive silver 
halides having different sensitivities, contrast can be controlled. 
Examples of the techniques in the art include those mentioned in 
JP-A-57-119341, JP-A-53-106125, JP-A-47-3929, JP-A-48-55730, 
JP - A - 4 6 - 5 i 8 7 , JP-A- 50-73627, JP-A- 57- 150841 and so forth. Each 
emulsion may preferably have sensitivity difference of 0.2 log E or 
higher . 

The amount of the photosensitive silver halide is preferably 
0.03 to 0.6 g/m 2 , more preferably 0.05 to 0.4 g/m 2 , most preferably 
0.1 to 0.4 g/m 2 , as the amount of coated silver per 1 m 2 of a 
photosensitive material. The amount of the photosensitive silver 
halide per mole of the silver salt of an organic acid is preferably 
from 0.01 to 0.5 mole, more preferably from 0.02 to 0.3 mole, still 
more preferably from 0.03 to 0.25 mole. 

Methods and conditions for mixing photosensitive silver halide 
and a silver salt of an organic acid, which are prepared separately, 
are not particularly limited so long as the effect of the present 
invention can be attained satisfactorily. Examples thereof include, 
for example, a method of mixing silver halide grains and a silver 
salt of an organic acid after completion of respective preparations 
by using a high-speed stirring machine, ball mill, sand mill, colloid 
mill, vibrating mill or homogenizer or the like, or a method of 
preparing a silver salt of an organic acid by mixing a photosensitive 
silver halide obtained separately at any time during the preparation 
of the silver salt of an organic acid. 

Preferred time for addition of a silver halide to a coating 
solution for i ma g e - f o r m i n g layer resides in a period of from 180 
minutes before coating to just before coating, preferably 60 minutes 
to 10 seconds before coating. Methods and conditions for mixing are 
not particularly limited so long as the effect of the present 
invention can be obtained satisfactorily. Specific examples of the 
mixing method include a method in which a mixing is performed in a 
tank designed so as to obtain a desired average residence time which 
is calculated from addition flow rate and feeding amount to a coater, 
a method utilizing a static mixer described in N. Harnby, M.F. Edwards, 
A.W. Nienow, "Ekitai Kongo Gijutsu (Techniques for Mixing Liquids) 1 ' , 
translated by Koji Takahashi, Chapter 8, Nikkan Kogyo Shinbunsha, 
198 9 and so forth . 

The binder of the layer containing the silver salt of an organic 
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acid of the present invention may be any polymer. Preferred binders 
are those that are transparent or translucent, and generally 
colorless. The binder may consist of, for example, a naturally- 
occurring resin, polymer or copolymer, synthetic resin, polymer or 
copolymer or other media that can form a film, such as gelatins, 
rubbers, poly(vinyl alcohols), hydroxyethylcel luloses ( cellulose 
acetates, cellulose acetate butyrates, poly ( vinylpyrrol i don es ) , 
casein, starch, poly (acrylic acids), poly(methyl me t ha c r y 1 a t e s ) , 
poly(vinyl chlorides), p o 1 y ( m e t h a c r y 1 i c acids), s t y r e n e / ma 1 e i c 
anhydride copolymers, s t y r en e / a c r y 1 on i t r i 1 e copolymers, styrene/ 
butadiene copolymers, poly (vinyl acetals) (e.g. , poly (vinyl formal) , 
poly(vinyl butyral)), poly(esters), poly(urethanes), phenoxy resin, 
poly (vinylidene chlorides), poly(epoxides), poly (carbonates) , 
poly(vinyl acetates), poly (olefins) , cellulose esters and poly- 
(amides) . 

In the present invention, the binder of the layer containing 
the silver salt of an organic acid preferably has a glass transition 
temperature of 20-80°C (also referred to as "high Tg binder" 
hereinafter), more preferably 23-60°C. 

In the present specification, Tg is calculated in accordance 
with the following equation. 

1/Tg = 2 (Xi/Tgi ) 

In this case, the polymer is considered to be composed of 
cop o 1 ym e r i z ed monomer components of i = 1 to n, i.e., in the number 
of n. Xi represents a weight ratio of the i-th monomer (Zxi = 1), 
and Tgi is a glass transition temperature (absolute temperature) of 
a homopolymer composed of the i-th monomer. X means the sum of i 
■ 1 to n. As the value of glass transition temperature of a homo- 
polymer composed of each monomer (Tgi), used was a value mentioned 
in Polymer Handbook (3rd Edition) (J. Brandrup, E.H. Immergut 
(Wiley - Interscience, 1989) ) . 

Polymers serving as the binder may be used each kind alone, 
or two or more kinds of them may be used in combination as required. 
Further, one having a glass transition temperature of 20°C or higher 
and one having a glass transition temperature of lower than 20°C may 
be used in combination. when a blend of two or more kinds of polymers 
having different glass transition temperatures is used, it is 
preferred that its weight average Tg should fall within the 
aforementioned range. 

In the present invention, if the layer containing the silver 
salt of an organic acid is formed by using an aqueous coating solution 
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containing 30% by weight or more of water based on a total solvent, 
in particular, a coating solution containing a polymer latex having 
an equilibrated moisture content of 2 weight % or less at 25°C and 
relative humidity of 60%, the performance is improved. In the most 
preferred embodiment, the polymer latex is prepared to have an ion 
conductivity of 2.5 mS/cm or less. An example of a method for 
preparing such polymer latex includes a method comprising the step 
of synthesizing a polymer and then purifying the polymer by using 
a functional membrane for separation. 

The aqueous solvent in which the polymer binder is soluble or 
dispersible is water or water mixed with 70% by weight or less of 
a wa t e r - m i s c i b 1 e organic solvent. Examples of the water -miscible 
organic solvent include, for example, alcohols such as methyl alcohol, 
ethyl alcohol and propyl alcohol; cellosolves such as methyl 
cellosolve, ethyl cellosolve and butyl cellosolve; ethyl acetate, 
dime thy 1 f ormami de and so forth. 

The term "aqueous solvent" used herein also encompasses 
systems in which a polymer is not t h e r mo dy na mi c a 1 1 y dissolved but 
is present in a so-called dispersed state. 

The definition "equilibrated moisture content at 25°C and 
relative humidity of 60%" used herein can be represented by the 
following equation, in which Wl indicates the weight of a polymer 
at hum i di ty - c on d i t i oned equilibrium in an atmosphere of 25°C and 
relative humidity of 60%, and W0 indicates the absolute dry weight 
of the polymer at 2 5 °C . 

Equilibrated moisture content at 25°C and relative humidity 

of 60% 

= [(Wl - W0)/W0] x 100 (weight %) 

As for details of the definition of moisture content and 
methods for measurement, for example, Lecture of Polymer Engineering, 
14, Test Methods for Polymer Materials (Polymer Society of Japan, 
Chijin Shokan) can be referred to. 

The equilibrated moisture content at 25 °C and relative humidity 
of 60% of the binder polymer used for the present invention is 
preferably 2% by weight or less, more preferably from 0.01 to 1.5% 
by weight, most preferably from 0.02 to 1% by weight. 

In the present invention, polymers dispersible in aqueous 
solvents are particularly preferred. 

Examples of systems in the dispersed state include, for example, 
polymer latex in which fine solid particles of polymer are dispersed, 
and a system in which a polymer is dispersed in a molecular state 
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or as micelles, both of which are preferred. 

In preferred embodiments of the invention, hydrophobic 
polymers such as acrylic resins, polyester resins, rubber resins 
(e.g., SBR resins), polyurethane resins, polyvinyl chloride resins, 
polyvinyl acetate resins, p o 1 y v i n y 1 i d e n e chloride resins, and 
polyolefin resins can preferably be used. The polymers may be linear, 
branched or crossl inked. They may be so-called homopolymers in which 
a single monomer is polymerized, or copolymers in which two or more 
different kinds of monomers are polymerized. The copolymers may be 
random copolymers or block copolymers. The polymers may have a 
number average molecular weight of 5,000 to 1,000,000, preferably 
from 10, 000 to 200, 000. Polymers having a too small molecular weight 
fail to give sufficient mechanical strength of an emulsion layer, 
and those having a too large molecular weight yield bad film forming 
property, and both of which are not preferred. 

The "aqueous solvent" mentioned above means a dispersion 
medium of which composition comprises at least 30% by weight of water. 
As for a state of dispersion, systems in any state may be used, for 
example, emulsion dispersion, micellar dispersion, molecular 
dispersion of a polymer having a hydrophilic moiety and so forth. 
Among them, polymer latex is particularly preferred. 

Preferred examples of the polymer latex are shown below. They 
are described as monomers as starting materials. The numerals 
parenthesized are indicated as % by weight, and the molecular weights 
are number average molecular weights. 

P-l: Latex of - MMA ( 7 0 ) - E A ( 2 7 ) - MAA ( 3 ) - (molecular weight: 37OO0) 
P-2: Latex of - MMA ( 7 0 ) - 2 E H A ( 2 0 ) - S t ( 5 } - A A ( 5 ) - (molecular weight: 
4 0 0 0 0 ) 

P-3: Latex of -St (50) - B u ( 4 7 ) - MM A { 3 ) - (molecular weight: 4 5 0 0 0 ) 
P-4: Latex of -St(68) - Bu ( 2 9 ) - A A ( 3 ) - (molecular weight: 6 0 0 0 O) 
P-5: Latex of - S t ( 7 0 ) • B u ( 2 7 ) - I A ( 3 ) - (molecular weight: 1 2 0 0 0 0 ) 
P-6: Latex of - S t ( 7 5 ) - Bu ( 2 4 ) - AA ( 1 ) - (molecular weight: 1 0 8 0 0 0) 
P-7: Latex of - S t ( 6 0 ) - B u ( 3 5 ) - D VB ( 3 ) - M A A ( 2 ) - (molecular weight: 
150000) 

P-8: Latex of - S t ( 7 0 ) - Bu ( 2 5 ) - DVB ( 2 ) - AA ( 3 ) - (molecular weight: 
280000) 

P-9: Latex of - VC ( 5 0 ) - MM A ( 2 0 ) - E A ( 2 0 ) - AN ( 5 ) - AA ( 5 ) - (molecular 
weight: 80000) 

P-10: Latex of - VD C ( 8 5 ) - MMA ( 5 ) - E A ( 5 ) - M AA ( 5 ) - (molecular weight: 
67 0 00) 

P-ll: Latex of - E t ( 9 0 ) - MAA ( 1 0 ) - (molecular weight: 1 2 0 0 0 ) 
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P-12: Latex of -St (70) - 2 E H A ( 2 7 ) • A A ( 3 ) - (molecular weight: 1 3 0 0 0 0 ) 

P-13: Latex of - MM A ( 6 3 ) - E A ( 3 5 ) - A A ( 2 ) - (molecular weight: 3 3 0 0 0 ) 

P-14: Latex of - S t ( 8 0 ) - B u ( 2 0 ) - (Tg = 39°C, crosslinked) 

P-15: Latex of - S t ( 8 5 ) - B u ( 1 5 ) - (Tg « 52°C / crosslinked) 

P-16: Latex of - S t ( 9 0 ) - B u ( 7 ) - A A ( 3 ) - (Tg = 76°C, crosslinked) 

P - 17 : Latex of - S t ( 7 0 ) - BMA ( 3 0 ) - ( Tg = 6 3 °C , molecular weight: 126000) 

P-18: Latex of -St(65)-BMA(30)-AA(5)- (Tg = 6 3 °C , molecular weight: 

102000) 

P-19: Latex of -St (75) - Bu ( 1 5 ) -BMA(10) - (Tg = 37°C, crosslinked) 
P-20: Latex of - S t ( 8 0 ) • 2 EH A ( 1 5 ) - A A ( 5 ) - (Tg = 66°C, mo lecular weight: 
98000) 

P- 21: Latex of - S t ( 9 2 ) - B u ( 5 ) - A A ( 3 ) - (Tg = 84°C, crosslinked) 
P-22: Latex of - MMA { 7 6 ) - 2 EHA ( 2 2 ) - EGDA { 2 ) - (Tg - 55°C, crosslinked) 
P-23: Latex of - MM A ( 6 0 ) - M A ( 4 0 ) - (Tg * 60°C / 2 5 3 0 00 ) 

P-24: Latex of -St(80)-Bu(12)-AA(3)-DVB(5)- ( Tg = 8 0 °C , crosslinked) 
P-25: Latex of -t-BA(100)- (Tg = 77°C / 169000) 

P-26: Latex of - S t ( 7 4 ) - B u ( 2 0 ) - A A ( 3 ) - (Tg = 31°C, crosslinked) 
P-27: Latex of - S t ( 7 1 ) - Bu ( 2 6 ) - A A ( 3 ) - (Tg = 24°C, crosslinked) 
P-28: Latex of - S t ( 7 0 . 5 ) - B u ( 2 6 . 5 ) - A A ( 3 ) - (Tg = 23°C, crosslinked) 
P-29: Latex of -St(69.5)-Bu(28.5)-AA(3)- (Tg = 20.5°C, crosslinked) 
Abbreviations in the above formula represent the following 
monomers : 

MMA: methyl methacrylate 

EA: ethyl acrylate 

MAA : methacrylic acid 

2EHA: 2-ethylhexyl acrylate 

St: styrene 

Bu : butadiene 

AA: acrylic acid 

DVB: d i v i ny 1 ben z en e 

VC : vinyl chloride 

AN: acrylonitrile 

VDC : vinylidene chloride 

Et: ethylene 

IA: itaconic acid 

MA: methyl acrylate 

BMA: butyl methacrylate 

EGDA: ethylene glycol diacrylate 

t-BA: t-butyl acrylate 

The polymer latexes mentioned above are also commercially 
available, and those mentioned below can be used. Examples of 
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acrylic resins include CEBIAN A-4635, 46583, 4601 (all from Daicel 
Chemical Industries), Nipol Lx8 1 1, 8 1 4, 82 1, 82 0, 8 5 7 (all from Nippon 
Zeon) and so forth; examples of polyester resins include FINE TEX ES650, 
6 1 1, 6 7 5, 8 5 0 (all from Dai-Nippon Ink and Chemicals), WD-size, WMS 
(both from Eastman Chemical) and so forth; examples of polyurethane 
resins include HYDRAN AP10, 2 0, 3 0, 4 0 (all from Dai-Nippon Ink and 
Chemicals) and so forth; examples of rubber resins are LACSTAR 7310K, 
3 3 07B, 4700H, 7132C (all from Dai -Nippon Ink & Chemicals) , Nipol Lx416, 
410, 438C, 2507 (all from Nippon Zeon) and so forth; examples of 
polyvinyl chloride resins include G351, G576 (both from Nippon Zeon) 
and so forth; examples of polyvinylidene chloride resins are L502, 
L513 (both from Asahi Chemical Industry) and so forth; examples of 
polyolef in resins include CH EMI PEARL S120, SA100 (both from Mitsui 
Petrochemical) and so forth. 

These polymer latexes may be used alone, or two or more of them 
may be blended as required. 

As the polymer latex used in the present invention, 
styrene/butadiene copolymer latex is particularly preferred. In the 
s t y r e n e / bu t ad i en e copolymer, the weight ratio of styrene monomer 
units to butadiene monomer units is preferably 40/60 to 95/5. The 
ratio of the styrene monomer units and the butadiene monomer units 
in the copolymer may preferably be from 60 to 99% by weight. The 
preferred range of the molecular weight of the copolymer is similar 
to that mentioned above. 

Examples of styrene/butadiene copolymer latexes preferably 
used for the present invention include the aforementioned P-3 to P-8, 
P-14 to P-16, P-19, P-21, P-24, P-26 to P-29, commercially available 
products, LACSTAR- 3307B, 7132C, Nipol Lx416 and so forth. 

The layer containing silver salt of an organic acid of the 
photo thermographic material of the present invention may optionally 
be added with a hydrophilic polymer such as gelatin, polyvinyl alcohol, 
methylcellulose and hy d r oxy p r opy 1 c e 1 1 u 1 o s e . The amount of the 
hydrophilic polymer is preferably 30% by weight or less, more 
preferably 20% by weight or less, of the total binder in the layer 
containing silver salt of an organic acid. 

The layer containing silver salt of an organic acid (i.e. , the 
image- forming layer) may preferably be those formed by using a polymer 
latex. The amount of the binder in the layer containing a silver 
salt of an organic acid may be 1/10 to 10/1, more preferably 1/5 to 
4/1, as indicated by a weight ratio of a total binder/a silver salt 
of an organic acid . 
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The layer containing silver salt of an organic acid generally 
also serves as a photosensitive layer (an emulsion layer) containing 
a photosensitive silver halide as a photosensitive silver salt. In 
that case, the weight ratio of a total binder/a silver halide may 
preferably be 5 to 400, more preferably 10 to 200. 

The total amount of the binder in the image - forming layer of 
the photothermographic material of the present invention is 
preferably 0.2 to 30 g/m 2 , more preferably 1 to 15 g/m 2 . The 
image- forming layer may optionally be added with a crosslinking agent, 
a surfactant to improve coating property of a coating solution and 
so forth. 

The solvent for the coating solution for the layer containing 
silver salt of an organic acid of the photothermographic material 
of the present invention (for simplicity, a dispersion medium as well 
as a solvent is herein referred to as a XN solvent") is an aqueous 
solvent containing at least 30% by weight of water. As components 
other than water, any wa t e r - m i s c i b 1 e organic solvents may be used 
such as, for example, methyl alcohol, ethyl alcohol, isopropyl 
alcohol, methyl cellosolve, ethyl cellosolve, dime thy 1 f ormami de , 
ethyl acetate and so forth. The water content of the solvent for 
the coating solution is preferably at least 50% by weight, more 
preferably at least 70% by weight. Preferred examples of the solvent 
composition include water/methyl alcohol = 90/10, water/methyl 
alcohol = 7 0/ 3 0, water/methyl a 1 cohol /dime thy 1 f ormamide = 80/15/5, 
water/methyl a 1 c oho 1 / e t hy 1 cellosolve = 80/10/5, water/methyl 
a 1 c oho 1 / i s op r opy 1 alcohol = 85/10/5 and so forth as well as water 
(numerals indicate weight %). 

As an t i f oggan t s , stabilizers and stabilizer precursors that 
can be used for the present invention, there can be mentioned, for 
example, those mentioned in J P - A - 1 0 - 6 2 8 9 9 , paragraph 0 07 0 and 
European Patent Publication EP0803764A1, from page 20, line 57 to 
page 21, line 7. Antifoggants preferably used for the present 
invention are organic halides. Examples thereof include, for 
example, those disclosed in J P - A - 1 1 - 6 5 0 2 1 , paragraphs 0111 to 0112. 
Particularly preferred are the pol yhal ogena t ed compounds of formula 
(II) mentioned in JP-A- 10-339934 (specific examples are 
tribromomethylnaphthylsulfone, tribromomethylphenylsulfone, 
tribromomethyl (4- (2, 4, 6 -trimethylsulfonyl) phenyl) sulfone, etc.) . 

The antifoggants can be formulated in the photothermographic 
material by the methods mentioned above as methods for formulating 
the heat developing agents. The po 1 yha 1 og e n a t ed compounds are also 
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preferably added in the form of solid m i c r op a r t i c 1 e dispersion. 

Other examples of the antifoggant include the mercury (II) 
salts described in JP-A-11-65021, paragraph 0113, the benzoic acids 
described in the same, paragraph 0114, the salicylic acid derivatives 
represented by the formula (Z) mentioned in Japanese Patent 
Application No. 11-87297 and the formalin scavenger compounds 
represented by the formula (S) mentioned in Japanese Patent 
Application No. 11-23995. 

The photo thermographic material of the present invention may 
contain an azolium salt as the antifoggant. Examples of the azolium 
salt include, for example, the compounds of the formula (XI) disclosed 
in JP - A- 5 9 - 1 9 3 4 4 7 , the compounds disclosed in J P - B - 5 5 - 1 2 5 8 1 and the 
compounds of the formula (II) disclosed in J P - A - 6 0 - 1 5 3 0 3 9 . The 
azolium salt may be added in any site of the p ho t o t h e r mo g r a p h i c 
material, and is preferably added in one or more layers on the side 
of an image - formi ng layer, more preferably in the layer containing 
silver salt of an organic acid. The azolium salt may be added at 
any time during the preparation of the coating solution. When the 
azolium salt is added to the layer containing silver salt of an organic 
acid, the azolium salt may be added at any time during the period 
of from the preparation of the silver salt of an organic acid to the 
preparation of the coating solution. A time during the period after 
the preparation of the silver salt of an organic acid and just before 
coating is preferred. The azolium salt may be added as any form such 
as powder, solution and m i c r op a r t i c 1 e dispersion. The salt may also 
be added as a solution prepared by mixing the salt with other additives 
such as a sensitizing dye, a reducing agent, and a toning agent. In 
the present invention, the amount of the azolium salt to be added 
is not particularly limited, and the amount may preferably be 1 x 
10" 6 mole to 2 moles, more preferably 1 x 10" 3 mole to 0.5 mole, per 
mole of silver. 

The photothermographic material of the invention may 
optionally contain a mercapto compound, a disulfide compound, and 
a thione compound to accelerate, suppress, or control development, 
or increase efficiency in spectral sensitivity, or to improve 
storability before and after development. Examples include, for 
example, those compounds described in J P - A - 1 0 - 6 2 8 9 9 , paragraphs 0 0 6 7 
to 0069, compounds of the formula (I) and specific examples in the 
paragraphs 0 0 3 3 to 0 0 52 of J P - A - 1 0 - 1 8 6 5 7 2 , and those described in 
European Patent Publication EP0803764A1, page 20, lines 36 to 56. 
Among them, m e r c ap t o - s ub s t i t u t ed h e t e r oa r oma t i c compounds are 
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preferred . 

In the photothermographic material of present invention, it 
is preferable to add a toning agent. Examples of the toning agent 
are described in J P - A - 1 0 - 6 2 8 9 9 , paragraphs 0 0 5 4 to 0 0 5 5 and European 
Patent Publication EP0803764A1, page 21, lines 23 to 48. Preferred 
examples include phthalazinone, p h t h a 1 a z i n on e derivatives (e.g., 
4- (l-naphthyl)phthalazinone, 6 - chloroph thalazinone , 

5,7-dimethoxyphthalazinone, 2, 3 -dihydro-1, 4 -phthalazinone and 
other derivatives) and metal salts thereof; combinations of 
ph t ha 1 a z i none s and phthalic acid or derivatives thereof (e.g., 
phthalic acid, 4-methylphthalic acid, 4-nitrophthalic acid, 
tetrachlorophthalic anhydride and so forth) ; phthalazines including 
phthalazine and phthalazine derivatives (e.g., 

4- (1-naphthyl) phthalazine, 6-isopropylphthalazine, 
6-t-butylphthalazine, 6-chlorophthalazine, 5,7-dimethoxy- 

phthalazine, 2 , 3 - d i hy d r op h t ha 1 a z i n e and other derivatives) and 
metal salts thereof; combinations of phthalazines and phthalic acid 
or derivatives thereof (e.g., phthalic acid, 4-methylphthalic acid, 
4 - n i t r oph tha 1 i c acid, tetrachlorophthalic anhydride and so forth) . 
Particularly preferred examples include the combinations of 
phthalazines and phthalic acid or derivatives thereof. 

Plasticizers and lubricants that can be used for the 
photosensitive layer are described in JP- A- 1 1 - 6 5 02 1 , paragraph 0117. 
Ultrahigh contrast agents for forming ultrahigh contrast images are 
described in the same publication, paragraph 0118 and those mentioned 
in Japanese Patent Application No. 11-91652 as compounds of the 
formulas (III) to (V) (specific compounds: Chem. 21 to Chem 24) ; and 
hardness enhancement promoters are described in J P - A - 1 1 - 6 5 0 2 1 , 
paragraph 0102. 

The ultrahigh contrast agent used for the present invention 
is preferably selected from the group consisting of substituted 
alkene derivatives, substituted isoxazole derivatives and acetal 
compounds represented by the following formulas (VII), (VIII) and 
(IX) , respectively. 




(VII) (VIII) (IX) 
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The compound represented by the formula (VII) will be described 
in detail below. 

In the formula (VII), R 71 , R 72 and R 7 3 independently represent 
a hydrogen atom or a substituent. 

When R 7 1 , R 72 or R 73 represents a substituent, examples of the 
substituent include a halogen atom (e.g., fluorine, chlorine, bromide, 
iodine), an alkyl group (including a cycloalkyl group and active 
methine group), an aralkyl group, an alkenyl group, an alkynyl group, 
an aryl group, a heterocyclic group (including N - sub s t i t u t ed 
ni trogen - containing heterocyclic group), a quaternized nitrogen- 
containing heterocyclic group (e.g. , pyridinio group) , an acyl group, 
an alkoxycarbonyl group, an a r y 1 oxy c a r bony 1 group, a carbamoyl group, 
a carboxyl group or a salt thereof, an imino group, an imino group 
substituted at N atom, a thiocarbonyl group, a s u 1 f ony 1 c a r b a moy 1 
group, an a c y 1 c a rbamoy 1 group, a s u 1 f amoy 1 c a r b a mo y 1 group, a 
carbazoyl group, an oxalyl group, an oxamoyl group, cyano group, a 
thiocarbamoy 1 group, hydroxyl group or a salt thereof, an alkoxyl 
group (including a group containing ethyleneoxy group or propyleneoxy 
group repeating unit), an aryloxy group, a he t e r o c y c 1 y 1 oxy group, 
an acyloxy group, an (alkoxy or a ry loxy ) carbony loxy group, a 
carbamoyloxy group, a sulfonyloxy group, an amino group, an (alkyl, 
aryl or he t er ocy c 1 y 1 ) am i no group, an acylamino group, a sulfonamido 
group, a ureido group, a thioureido group, an imido group, an (alkoxy 
or aryloxy ) c a r bon y 1 a m i no group, a sul f amoy lamino group, a 
s em i c a rba z i d e group, a t h i o s em i c a r b a z i d e group, a hydrazino group, 
a quaternary ammonio group, an oxamoylamino group, an (alkyl or 
aryl ) sul fonylureido group, an acylureido group, an 

acyl sul famoyl amino group, nitro group, mercapto group, an (alkyl, 
aryl or h e t e r o c y c 1 y 1 ) t h i o group, an acylthio group, an (alkyl or 
ary 1 ) sul f onyl group, an (alkyl or a r y 1 ) s u 1 f i ny 1 group, sulfo group 
or a salt thereof, a sulfamoyl group, an a c y 1 s u 1 f a moy 1 group, a 
sulfonylsulfamoyl group or a salt thereof, a phosphoryl group, a group 
containing pho s pho r a m i d e or phosphoric acid ester structure, a silyl 
group and a stannyl group. These substituents each may further be 
substituted with any one or more of the above-described substituents. 

The substituent represented by R 7 1 , R 7 2 or R 73 is preferably a 
group having a total carbon atom number of from 0 to 30, and specific 
examples of the group include a group having the same meaning as the 
electron withdrawing group represented by Z in the formula (VII), 
an alkyl group, hydroxyl group or a salt thereof, mercapto group or 
a salt thereof, an alkoxyl group, an aryloxy group, a h e t e r o c y c 1 y 1 ox y 
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group, an alkylthio group, an arylthio group, a h e t e r o cy c 1 y 1 t h i o 
group, an amino group, an alkylamino group, an arylamino group, a 
heterocyclylamino group, a ureido group, an acylamino group, a 
sulf onamido group and a substituted or un s ub s t i t u t e d aryl group and 
the like. 

R 7 1 is preferably a hydrogen atom, an electron withdrawing group, 
an aryl group, an alkylthio group, an alkoxyl group, an acylamino 
group or a silyl group. More preferably, it is an electron 
withdrawing group or an aryl group. 

when R 71 represents an electron withdrawing group, R 7 1 is 
preferably a group having a total carbon atom number of from 0 to 
30 such as a cyano group, a nitro group, an acyl group, a formyl group, 
an alkoxycarbony 1 group, an a ry 1 oxycarbony 1 group, a thiocarbonyl 
group, an imino group, an imino group substituted at N atom, an 
alkylsul f onyl group, an arylsulfonyl group, a carbamoyl group, a 
sulfamoyl group, a trifluoromethyl group, a phosphoryl group, carboxy 
group or a salt thereof, a saturated or unsaturated heterocyclic group, 
more preferably cyano group, an acyl group, a formyl group, an 
a 1 koxy ca rbony 1 group, a carbamoyl group, an imino group, an imino 
group substituted at N atom, a sulfamoyl group, a carboxyl group or 
a salt thereof or a saturated or unsaturated heterocyclic group, 
particularly preferably cyano group, a formyl group, an acyl group, 
an alkoxycarbonyl group, a carbamoyl group or a saturated or 
unsaturated heterocyclic group. 

When R 7i represents an aryl group, R 7 1 is preferably a 
substituted or u n s ub s t i t u t e d phenyl group having a total carbon atom 
number of from 6 to 30. The substituent may be any substituent but 
an electron withdrawing substituent is preferred. 

In the formula (VII), when R 72 or R 73 represents a substituent, 
R 7 2 or R 73 preferably represents a group having the same meaning as 
the electron withdrawing group represented by Z in the formula (VII) 
mentioned hereinafter, an alkyl group, hydroxyl group or a salt 
thereof, mercapto group or a salt thereof, an alkoxy group, an aryloxy 
group, a he t e r o cy c 1 y 1 oxy group, an alkylthio group, an arylthio group, 
a heterocycly 1 thio group, an amino group, an alkylamino group, an 
anilino group, a heterocyclylamino group, an acylamino group or a 
substituted or un s ub s t i t u t ed phenyl group. 

It is more preferred that one of R 72 and R 7 3 is a hydrogen atom 
and the other is a substituent. The substituent is preferably an 
alkyl group, hydroxyl group or a salt thereof, mercapto group or a 
salt thereof, an alkoxyl group, an aryloxy group, a h e t e r o c y c 1 y 1 ox y 
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group, an alkylthio group, an arylthio group, a heterocyclyl thio 
group, an amino group, an alkylamino group, an anilino group, a 
heterocyclylamino group, an acylamino group (particularly, a 
p e r f 1 u or oa 1 ka n am i do group), a sul f onamido group, a substituted or 
unsubs ti tuted phenyl group or a heterocyclic group, more preferably 
hydroxyl group or a salt thereof, mercapto group or a salt thereof, 
an alkoxy group, an aryloxy group, a he t e r ocy c 1 y 1 oxy group, an 
alkylthio group, an arylthio group, a he t e r o cy c 1 y 1 t h i o group or a 
heterocyclic group, still more preferably hydroxyl group or a salt 
thereof, an alkoxy group or a heterocyclic group. 

In the formula (VII), Z represents an electron withdrawing 
group or a silyl group. More preferably, Z is an electron withdrawing 
group . 

The electron withdrawing group represented by Z i s a 
substituent having a Hammett's substituent constant <jp of a positive 
value, and specific examples thereof include a cyano group, an 
a 1 koxy c a rbony 1 group, an a r y 1 oxy c a r b on y 1 group, a carbamoyl group, 
an imino group, an imino group substituted at N atom, a thiocarbonyl 
group, a sulfamoyl group, an a 1 ky 1 su 1 f on y 1 group, an arylsulfonyl 
group, a nitro group, a halogen atom, a p e r f 1 u o r o a 1 k y 1 group, a 
per f 1 uo roa 1 kanam i do group, a sulf onamido group, an acyl group, a 
formyl group, a phosphoryl group, carboxy group or a salt thereof, 
sulfo group or a salt thereof, a heterocyclic group, an alkenyl group, 
an alkynyl group, an acyloxy group, an acylthio group, a sul f onyloxy 
group and an aryl group substituted with the ab o ve - de s c r i b ed electron 
withdrawing group. The heterocyclic group is a saturated or 
unsaturated heterocyclic group, and examples thereof include a 
pyridyl group, a quinolyl group, a quinoxalinyl group, a pyrazinyl 
group, a b e n z o t r i a z o 1 y 1 group, an imidazolyl group, a b e n z i m i d a z o 1 y 1 
group, a hydan toi n - 1 - y 1 group, a succinimido group and a phthalimido 
group and so forth. 

The electron withdrawing group represented by Z may further 
have one or more s ub s t i t u e n t s , and examples of the substituents 
include those represented by R 7 1 , R 72 or R 7 3 in the formula (VII) . 

When Z represents an electron withdrawing group, Z is 
preferably a group having a total carbon atom number of from 0 to 
30 such as a cyano group, an a 1 k oxy c a r bony 1 group, an a r y 1 oxy c a r bony 1 
group, a carbamoyl group, a thiocarbonyl group, an imino group, an 
imino group substituted at N atom, a sulfamoyl group, an alkylsulfonyl 
group, an arylsulfonyl group, nitro group, a p e r f 1 u o r o a 1 k y 1 group, 
an acyl group, a formyl group, a phosphoryl group, an acyloxy group, 
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an acylthio group or a phenyl group substituted with an arbitrary 
electron withdrawing group, more preferably a cyano group, an 
alkoxycarbonyl group, a carbamoyl group, an imino group, a sulfamoyl 
group, an a 1 ky 1 s u 1 f ony 1 group, an arylsulfonyl group, an acyl group, 
a formyl group, a phosphoryl group, a t r i f 1 uo r om e thy 1 group or a 
phenyl group substituted with an arbitrary electron withdrawing group, 
still more preferably a cyano group, a formyl group, an acyl group, 
an alkoxycarbonyl group, an imino group or a carbamoyl group. 

When Z represents a silyl group, it is preferably 
t rime thy 1 s i 1 yl group, t - bu tyl dime thy 1 s i 1 y 1 group, 

phenyldimethylsilyl group, t r i e t hy 1 s i 1 y 1 group, t r i i s op r opy 1 s i 1 y 1 
group, t r ime thy 1 s i 1 yl dime thy 1 s i 1 yl group or the like. 

In the formula (VII), R 7 1 and Z, R 72 and R 73 , R 7 1 and R 7 2 , or R 73 
and Z may be combined with each other to form a ring structure. It 
is particularly preferred that R 7 1 and Z or R 72 and R 73 form a ring 
s true ture . 

The ring structure formed is a non-aromatic carbocyclic ring 
or a non-aromatic heterocyclic ring, preferably a 5- , 6 - or 7-membered 
ring structure having a total carbon atom number including those of 
substituents of from 1 to 40, more preferably from 3 to 30. 

The compound represented by the formula (VII) is more 
preferably a compound where Z represents a cyano group, a formyl group, 
an acyl group, an alkoxycarbonyl group, an imino group or a carbamoyl 
group, R 71 represents an electron withdrawing group or an aryl group, 
and one of R 72 and R 73 represents hydrogen atom and the other represents 
hydroxyl group or a salt thereof, mercapto group or a salt thereof, 
an alkoxy group, an aryloxy group, a h e t e r oc y c 1 y 1 ox y group, an 
alkylthio group, an arylthio group, a h e t e r o c y c 1 y 1 t h i o group or a 
heterocyclic group. 

The compound represented by the formula (VII) is particularly 
preferably a compound where Z and R 71 form a non-aromatic 5-, 6- or 
7-membered ring structure and one of R 7 2 and R 7 3 represents a hydrogen 
atom and the other represents hydroxyl group or a salt thereof, 
mercapto group or a salt thereof, an alkoxy group, an aryloxy group, 
a heterocyclyloxy group, an alkylthio group, an arylthio group, a 
heterocycly 1 thio group or a heterocyclic group. In such a compound, 
Z which forms a non-aromatic ring structure together with R 7 1 is 
preferably an acyl group, a carbamoyl group, an oxycarbonyl group, 
a thiocarbonyl group or a sulfonyl group or the like, and R 71 is 
preferably an acyl group, a carbamoyl group, an oxycarbonyl group, 
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a thiocarbonyl group, a sulfonyl group, an imino group, an imino group 
substituted at N atom, an acylamino group or a carbonylthio group. 

The compound represented by the formula (VIII) will be 
explained below. 

In the formula {VIII), examples of the substituent represented 
by R 8 1 include those described for the substituent represented by R 71 , 
R 7 2 or R 7 3 in the formula (VII). R B1 is preferably an electron 
withdrawing group. 

When R 8 1 represents an electron withdrawing group, the electron 
withdrawing group is preferably a group having a total carbon atom 
number of from 0 to 30, such as a cyano group, a nitro group, an acyl 
group, a formyl group, an a 1 koxy ca rbony 1 group, an a r y 1 ox y c a r bony 1 
group, an a 1 k y 1 s u 1 f on y 1 group, an arylsulfonyl group, a carbamoyl 
group, a sulfamoyl group, a tri f luoromethyl group, a phosphoryl group, 
an imino group or a saturated or unsaturated heterocyclic group, more 
preferably a cyano group, an acyl group, a formyl group, an 
alkoxycarbonyl group, a carbamoyl group, a sulfamoyl group, an 
alkylsul f onyl group, an arylsulfonyl group or a heterocyclic group, 
particularly preferably a cyano group, a formyl group, an acyl group, 
an alkoxycarbonyl group, a carbamoyl group or a heterocyclic group. 

When R 8! represents an aryl group, R 8 1 is preferably a 
substituted or unsubs t i tuted phenyl group having a total carbon atom 
number of from 0 to 30. Examples of the substituent include those 
described for the substituent represented by R 7i , R 72 or R 7 3 in the 
formula ( VII ) . 

R 81 is particularly preferably a cyano group, an alkoxycarbonyl 
group, a carbamoyl group, a heterocyclic group or a substituted or 
unsubs t i tu ted phenyl group, most preferably a cyano group, a 
heterocyclic group or an alkoxycarbonyl group. 

The compound represented by the formula (IX) will be explained 

below. 

In the formula (IX), X and Y each independently represent a 
hydrogen atom or a substituent, or X and Y may be combined with each 
other to form a ring structure. 

Examples of the substituent represented by X or Y include those 
described for the substituent represented by R 7 1 , R 7 2 or R 7 3 in the 
formula (VII). Specific examples thereof include an alkyl group 
(including a p e r f 1 u o r o a 1 k y 1 group, a t r i ch 1 o r ome thy 1 group etc.), 
an aryl group, a heterocyclic group, a halogen atom, a cyano group, 
a nitro group, an alkenyl group, an alkynyl group, an acyl group, 
a formyl group, an alkoxycarbonyl group, an aryloxycarbonyl group, 
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an imino group, an imino group substituted at N atom, a carbamoyl 
group, a thiocarbonyl group, an acyloxy group, an acylthio group, 
an acylamino group, an alky 1 sul f onyl group, an arylsulfonyl group, 
a sulfamoyl group, a phosphoryl group, carboxy group or a salt thereof, 
sulfo group or a salt thereof, hydroxyl group or a salt thereof, 
mercapto group or a salt thereof, an alkoxy group, an aryloxy group, 
a he terocyclyloxy group, an alkylthio group, an arylthio group, a 
he te rocyc ly 1 thi o group, an amino group, an alkylamino group, an 
anilino group, a he t e r ocy c 1 y 1 ami no group, a silyl group and so forth. 
These groups each may further have one or more sub s t i tu en t s . 
Alternatively, X and Y may be combined with each other to form a ring 
structure, and the ring structure formed may be either a non-aromatic 
carbocyclic ring or a non-aromatic heterocyclic ring. 

The substituent represented by X or Y is preferably a 
substituent having a total carbon number of from 1 to 40, more 
preferably from 1 to 30, such as a cyano group, an a 1 koxy c a rbony 1 
group, an a r y 1 oxy c a rbony 1 group, a carbamoyl group, an imino group, 
an imino group substituted at N atom, a thiocarbonyl group, a 
sulfamoyl group, an a 1 ky 1 s u 1 f ony 1 group, an arylsulfonyl group, a 
nitro group, a pe r f 1 uor oa 1 ky 1 group, an acyl group, a formyl group, 
a phosphoryl group, an acylamino group, an acyloxy group, an acylthio 
group, a heterocyclic group, an alkylthio group, an alkoxy group or 
an aryl group . 

X and Y each more preferably represents a cyano group, a nitro 
group, an a 1 koxyca rbony 1 group, a carbamoyl group, an acyl group, 
a formyl group, an acylthio group, an acylamino group, a thiocarbonyl 
group, a sulfamoyl group, an a 1 ky 1 s u 1 f ony 1 group, an arylsulfonyl 
group, an imino group, an imino group substituted at N atom, a 
phosphoryl group, a t r i f 1 u or ome t hy 1 group, a heterocyclic group, a 
substituted phenyl group or the like, particularly preferably a cyano 
group, an a 1 koxy c a rbony 1 group, a carbamoyl group, an a 1 ky 1 sul f onyl 
group, an arylsulfonyl group, an acyl group, an acylthio group, an 
acylamino group, a thiocarbonyl group, a formyl group, an amino group, 
an imino group substituted at N atom, a heterocyclic group, a phenyl 
group substituted by an arbitrary electron withdrawing group or the 
like . 

X and Y are also preferably combined with each other to form 
a non-aromatic carbocyclic ring or a non-aromatic heterocyclic ring. 
The ring structure formed is preferably a 5-, 6- or 7 - membered ring 
having a total carbon atom number including a substituent or 
substituents of from 1 to 40, more preferably from 3 to 30. X and 
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Y for forming a ring structure each preferably represent an acyl group, 
a carbamoyl group, an oxycarbonyl group, a thiocarbonyl group, a 
sulfonyl group, an imino group, an imino group substituted at N atom, 
an acylamino group, a carbonylthio group or the like. 

In the formula (IX), A and B each independently represent an 
alkoxy group, an alkylthio group, an alkylamino group, an aryloxy 
group, an arylthio group, an anilino group, a he t e r ocy c 1 y 1 oxy group, 
a he t erocy c 1 y 1 th i o group or a he t e rocy c 1 y 1 ami no group. 
Alternatively, A and B may be combined with each other to form a ring 
structure . 

Those groups represented by A and B are preferably a group 
having a total carbon atom number of from 1 to 40, more preferably 
from 1 to 30, and the group may further have one or more sub s t i t u e n t s . 

A and B are more preferably combined with each other to form 
a ring structure. The ring structure formed is preferably a 5-, 6- 
or 7-membered non-aromatic heterocyclic ring having a total carbon 
atom number of from 1 to 40, more preferably from 3 to 30. Examples 
of the linked structure formed by Aand B (-A-B-) include - 0- (CH 2 ) 2 -0 - , 
-0- (CH 2 J 3-0- , - S - (CH 2 ) 2 - S - , -S- (CH 2 ) 3-S- , -S-Ph-S-, - N ( C H 3 ) - ( CH 2 ) 2 - 0 - , 
- N { CH 3 ) - ( CH 2 ) 2 ' S - , -O - (CH a ) a-S - , - 0 - ( CH 2 ) 3 - S - , - N { CH 3 ) - Ph - 0 - , 

- N { CH 3 ) - Ph-S- , -N(Ph) - (CH 2 ) a-S - and so forth. Ph denotes a phenyl 
group . 

The compound represented by one of the formulas (VII) to (IX) 
used in the present invention as an ultrahigh contrast agent may 
contain an adsorptive group capable of adsorbing silver halide. 
Examples of the adsorptive group include the groups described in U.S. 
Patent Nos. 4,385,108 and 4,459,347, JP-A-59-195233, JP-A-59-200231, 
JP-A-59-201045, JP-A-59-201046, JP-A-59-201047, JP-A-59-201048, 
JP-A-59-201049, JP-A-61-170733, JP-A-61-270744, JP-A-62-948, 
JP - A- 6 3 - 2 3 4 24 4 , J P - A - 6 3 - 2 3 4 2 4 5 and J P - A - 6 3 - 2 3 4 2 4 6 , such as an 
alkylthio group, an arylthio group, a thiourea group, a thioamide 
group, a me r c ap t ohe t e r o c y c 1 i c group and a triazole group. The 
adsorptive group to silver halide may be formed into a precursor. 
Examples of the precursor include the groups described in 
JP-A-2-285344 . 

The compound represented by one of the formulas (VII) to (IX) 
may contain a ballast group or polymer commonly used in immobile 
photographic additives such as a coupler. In particular, those 
containing a ballast group constitute a preferred embodiment of the 
present invention. The ballast group is a group having 8 or more 
carbon atoms and being relatively inactive to the photographic 
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properties. Examples of the ballast group include an alkyl group, 
an aralkyl group, an alkoxyl group, a phenyl group, an alkylphenyl 
group, a phenoxy group, an alkylphenoxy group and so forth. Examples 
of the polymer include those described in JP - A - 1 - 1 0 0 5 3 0 and so forth. 

The compound represented by one of the formulas (VII) to (IX) 
for use in the present invention may contain a cationic group 
(specifically, a group containing a quaternary ammonio group or a 
ni trogen - containing heterocyclic group containing a quaternized 
nitrogen atom), a group containing an ethyleneoxy group or a 
propyleneoxy group as a repeating unit, an (alkyl, aryl or 
he t er ocyc 1 y 1 ) thi o group, or a dissociative group capable of 
dissociation by a base (e.g., a c a rboxy'*g r oup , a sulfo group, an 
acy 1 sul f amoy 1 group, a c a rbamoy 1 su 1 f amoy 1 group). In particular, 
groups containing an ethyleneoxy group or a propyleneoxy group as 
a repeating unit, or an (alkyl, aryl or h e t e r o c y c 1 y 1 ) t h i o group is 
preferred examples for the present invention. Specific examples of 
these groups include the compounds described in JP-A-7 -234471, 
JP- A- 5 - 3 3 3 4 6 6, J P - A - 6 - 1 9 0 3 2 , J P - A - 6 - 1 9 0 3 1 , J P - A - 5 - 4 5 7 6 1 , U.S. 
Patent Nos. 4,9 94,3 6 5 and 4,9 8 8,6 04 , J P - A - 3 - 2 5 9 2 4 0 , JP-A-7-5610, 
JP - A- 7 - 24 4 34 8 and German Patent No. 4,0 0 6,0 3 2. 

The compounds represented by formulas (VII) to (IX) used as 
an ultrahigh contrast agent in the present invention can be easily 
synthesized according to known methods, and may be synthesized by 
referring to, for example, U.S. Patent Nos. 5,545,515, 5,635,339 and 
5,654,130, International Patent Publication W097/34196 or Japanese 
Patent Application Nos. 9-354107, 9-309813 and 9-272002. 

Specific examples of the compounds represented by the formulas 
(VII) to (IX) for use in the present invention are shown below. 
However, the present invention is by no means limited to the following 
compounds . 
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The addition amount of the compounds represented by the formulas (VII) 
to (IX) for use in the present invention is preferably from 1 x 10~ 6 
to 1 mole, more preferably from 1 x 10' 5 to 5 x 10* 1 mole, most preferably 
from 2 x 10' s to 2 x 10* 1 mole, per mole of silver. 

The compounds represented by the formulas (VII) to (IX) each 
may be used after dissolving it in water or an appropriate organic 
solvent such as an alcohol (e.g., methanol, ethanol, propanol, 
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fluorinated alcohol), a ketone (e.g., acetone, methyl ethyl ketone), 
dimethylf ormamide , dimethyl sulfoxide or methyl cellosolve. Also, 
they may be dissolved by a known emu 1 s i f i c a t i on dispersion method 
using an oil such as dibutyl phthalate, tricresyl phosphate, glyceryl 
triacetate or diethyl phthalate, or an auxiliary solvent such as ethyl 
acetate or cy c 1 ohexanone , and mechanically formed into an emulsified 
dispersion before use. Furthermore, the compounds represented by 
the formulas (VII) to (IX) each may be used a f ter dispersing the powder 
of the compounds in an appropriate solvent such as water by a method 
known as the solid dispersion method, using a ball mill, a colloid 
mill or an ultrasonic wave. 

The compounds represented by the formulas (VII) to (IX) each 
may be added to a layer in the image - forming layer side on the support, 
namely, an image- forming layer, or any other layers on that side. 
However, the compounds are preferably added to an image- forming layer 
or a layer adjacent thereto. 

The compounds represented by the formulas (VII) to (IX) may 
be used individually or in combination of two or more kinds of them. 
In addition to these compounds, any of the compounds mentioned in 
U.S. Patent Nos. 5,545,515, 5,635,339 and 5,654,130, International 
Patent Publication W097/34196, U.S. Patent No. 5,686,228, 
JP -A- 1 1 - 1 19 3 7 2 or Japanese Patent Application Nos. 9 - 2 2 8 8 8 1, 
9-273935, 9-354107, 9-309813, 9-296174, 9-282564, JP-A-11- 95365, 
JP- A- 1 1 - 9 53 6 6 and Japanese Patent Application No. 9 - 3 3 2 3 8 8 may also 
be used in combination. 

Furthermore, in the present invention, hydrazine derivatives 
disclosed in JP - A - 1 0 - 3 3 9 9 3 2 and J P - A - 1 0 - 1 6 1 2 7 0 may be used in 
combination. Further, the following hydrazine derivatives may also 
be used in such combination: the compounds represented by (Chem. 1) 
of JP - B - 6 - 7 7 1 3 8 , specifically, compounds described at pages 3 and 
4 of the publication; the compounds represented by the formula (I) 
of JP - B - 6 - 9 3 0 8 2 , specifically, Compounds 1-38 described at pages 8 
to 18 of the publication; the compounds represented by the formulas 
(4), (5) and (6) of JP-A-6 - 230497, specifically, Compounds 4-1 to 
4-10 described at pages 25 and 26, Compounds 5-1 to 5-42 described 
at pages 28 to 36 and Compounds 6-1 to 6-7 described at pages 39 and 
40 of the publication; the compounds represented by the formulas (1) 
and (2) of J P - A - 6 - 2 8 9 5 2 0 , specifically, Compounds 1-1) to 1-17) and 
2-1) described at pages 5 to 7 of the publication; the compounds 
represented by (Chem. 2) and (Chem. 3) of J P - A - 6 - 3 1 3 9 3 6 , specifically, 
compounds described at pages 6 to 19 of the publication; the compound 
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represented by (Chem. 1) of JP-A-6-313951, specifically, the 
compounds described at pages 3 to 5 of the publication; the compound 
represented by the formula (I) of jp-a-7-5610, specifically, 
Compounds 1-1 to 1-38 described at pages 5 to 10 of the publication; 
the compounds represented by the formula (II) of J P - A - 7 - 7 7 7 8 3 , 
specifically, Compounds II-l to 11-102 described at pages 10 to 27 
of the publication; the compounds represented by the formulas (H) 
and (Ha) of JP-A-7-104426, specifically, Compounds H-l to H-44 
described at pages 8 to 15 of the publication; the compounds 
characterized by having in the vicinity of the hydrazine group an 
anionic group or a nonionic group capable of forming an intramolecular 
hydrogen bond with a hydrogen atom of hydrazine, described in European 
Patent Publication EP713131A1, particularly, the compounds 
represented by the formulas (A) to (F), specifically, Compounds N-l 
to N-30 described in the publication; the compound represented by 
the formula (1) described in European Patent Publication EP713131A1, 
specifically, Compounds D-l to D-55 described in the publication; 
various hydrazine derivatives described at pages 25 to 34 of Kochi 
Gijutsu (Known Techniques), pages 1 to 207, Aztech (issued on March 
22, 1 99 1 ); and Compounds D-2 and D-39 described in J P - A - 6 2 - 8 6 3 5 4 
(pages 6 and 7 ) . 

The addition amount of these hydrazine derivatives is 
preferably from 1 x 10" 6 to 1 mole, more preferably from 1 x 10' 5 to 
5 x 10 1 mole, most preferably from 2 x 10' 5 to 2 x 10* 1 mole, per mol 
of si Iver . 

These hydrazine derivatives may be used by dispersing them in 
the same manner as mentioned for the aforementioned compounds 
represented by the formulas (VII) to (IX). 

The hydrazine derivatives may be added to any layers on the 
image - formi ng layer side on the support, i.e., the i ma g e - f o r m i n g 
layer or other layers on that layer side. However, they are 
preferably added to an image - forming layer or a layer adjacent 
thereto . 

Moreover, the acrylonitrile compounds disclosed in U.S. Patent 
No. 5,54 5,5 1 5, more specifically the compounds CN-1 to CN-13 
disclosed therein and so forth may also be used as the ultrahigh 
contrast agent . 

In the present invention, a contrast accelerator may be used 
in combination with the a b o v e - de s c r i b e d ultrahigh contrast agent so 
as to form an ultrahigh contrast image. Examples thereof include 
amine compounds described in U . S . Patent No. 5,54 5,50 5, specifically, 
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AM-1 to AM - 5 ; hydroxamic acids described in U.S. Patent No. 5,545,507, 
specifically, HA-1 to HA-11; hydrazine compounds described in U.S. 
Patent No. 5,558,983, specifically, CA-1 to CA-6; and onium salts 
described in J P - A - 9 - 2 9 7 3 6 8 , specifically, A-l to A-42, B-l to B-27 
and C - 1 to C - 1 4 . 

Synthesis methods, addition methods, addition amounts and so 
forth of the aforementioned ultrahigh contrast agents and the 
contrast accelerators may be according to those described in the 
patent publications cited above. 

When formic acid or a formic acid salt is used as a strongly 
fogging substance, it is preferably used on the side having the 
image - f orming layer containing a photosensitive silver halide in an 
amount of 5 mmol or less, more preferably 1 mmol or less, per 1 mole 
of silver . 

When a nucleating agent is used in the present invention, an 
acid formed by hydration of diphosphorus pentoxide or a salt thereof 
is preferably used together with the nucleating agent. Examples of 
the acid formed by hydration of diphosphorus pentoxide or a salt 
thereof include me t apho s pho r i c acid (salt), py r opho s pho r i c acid 
(salt), or thophosphoric acid (salt), triphosphoric acid (salt), 
te traphosphor i c acid (salt), hexame t aphospho r i c acid (salt) and so 
forth. Particularly preferably used acids formed by hydration of 
diphosphorus pentoxide or salts thereof are o r t hopho s pho r i c acid 
(salt) and hexame taphosphor i c acid (salt) . Specific examples of the 
salt are sodium o rt hopho spha t e , sodium d i hy drogenor thopho spha t e , 
sodium hexame taphospha te , ammonium h exame t apho s p ha t e and so forth. 

The acid formed by hydration of diphosphorus pentoxide or a 
salt thereof may be used in a desired amount (coating amount per 1 
m 2 of the photosensitive material) depending on the desired 
performance including sensitivity and fog. However, it can be used 
in an amount of preferably 0.1-500 mg/m 2 , more preferably 0.5-100 
mg /m 2 . 

The photothermographic material of the present invention may 
be provided with a surface protective layer, for example, to prevent 
adhesion of the imag e - f ormi ng layer. The surface protective layer 
is described in, for example, JP-A-11-65021, paragraphs 0119 to 0120. 

Gelatin is preferred as the binder in the surface protective 
layer, and polyvinyl al cohol (PVA) i s al so pref erably used . Examples 
of PVA includes, for example, completely saponified PVA-105 [having 
a polyvinyl alcohol (PVA) content of at least 94.0% byweight, a degree 
of saponification of 98.5±0.5 mole %, a sodium acetate content of 
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1.5% by weight or less, a volatile content of 5.0% by weight or less, 
a viscosity (4% by weight at 20°C) of 5.6+0.4 mPa-s]; partially 
saponified PVA-205 [having a PVA content of 94.0% by weight, a degree 
of saponification of 88.0±1.5 mole %, a sodium acetate content of 
1.0% by weight, a volatile content of 5.0% by weight, a viscosity 
(4% by weight at 20°C) of 5.0±0.4 mPa-s J; denatured polyvinyl 
alcohols, MP-102, MP- 2 02, MP- 2 0 3, R-1130, R2105 (all f r om K r a r ay Co . , 
Ltd.) and so forth. The application amount of the polyvinyl alcohol 
(per m 2 of the support) for protective layers is preferably 0.3 to 
4.0 g/m 2 , more preferably 0.3 to 2.0 g/m 2 (per one layer). 

When the photo thermographic material of the present invention 
is used for printing use is which dimensional change is critical, 
in particular, polymer latex is preferably used also in a protective 
layer or a back layer. Such latex is described in "Gosei Jushi 
Emulsion (Synthetic Resin Emulsion)", compiled by Taira Okuda and 
Hiroshi Inagaki, issued by Kobunshi Kanko Kai (1978); "Gosei Latex 
no Oyo (Application of Synthetic Latex)", compiled by Takaaki 
Sugimura, Yasuo Kataoka, Souichi Suzuki and Keishi Kasahara, issued 
by Kobunshi Kanko Kai (1993); Soichi Muroi, u Gosei Latex no Kagaku 
(Chemistry of Synthetic Latex)", Kobunshi Kanko Kai (1970) and so 
forth. Specific example thereof include latex of methyl 

methacrylate (33.5 weight %)/ethyl acrylate (50 

weight % ) /me tha c ry 1 i c acid (16.5 weight %) copolymer, latex of methyl 
methacrylate (47.5 weight %)/butadiene ( 4 7 . 5 w e i gh t % ) / i t a c on i c a c i d 
(5 weight %) copolymer, latex of ethyl acrylate/me thacryl ic acid 
copolymer, 1 a t ex o f me thy 1 me tha c ry 1 a t e ( 5 8 . 9 we i gh t % ) / 2 - e thy 1 hexy 1 
acrylate (25.4 weight %)/ethylene (8.6 weight % ) / 2 - hyd r oxy e t hy 1 
methacrylate (5.1 weight %) /acrylic acid (2.0 weight %) copolymer 
and so forth. As for the binder of the protective layer, there may 
be used the combination of polymer latex disclosed in Japanese Patent 
Application No. 11-6872, and techniques disclosed in Japanese Patent 
Application No. 11-143058, paragraphs 0021-0025, Japanese Patent 
Application No. 11-6872, paragraphs 0027-0028, and Japanese Patent 
Application No. 11-199626, paragraphs 0023-0041. 

The temperature for preparation of the coating solution for 
the image - forming layer may preferably be 30°C to 65°C, more 
preferably 35°C to 60°C, most preferably 35°C to 55°C. The temperature 
of the coating solution immediately after the addition of the polymer 
latex may preferably be kept at 30°C to 65°C. A reducing agent and 
a silver salt of an organic acid may preferably be mixed before the 
addition of polymer latex. 
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The coating solution for the i mage - f ormi ng layer is preferably 
a so-called thixotropic flow. Thixotropy means that viscosity of 
a fluid lowers with increase of shear rate. Any apparatus may be 
used for measurement of viscosity, and for example, RFS Fluid 
Spectrometer from Rheometrics Far East Co., Ltd. is preferably used 
and the measurement is performed at 25°C. Viscosity of the coating 
solution for the image - f ormi ng layer is preferably 4 0 0 mPa *s to 
1 0 0,0 0 0 mPa-s, more preferably 5 0 0 mPa-s to 2 0,0 0 0 mPa*s, at a shear 
rate of 0.1 sec' 1 . The viscosity is preferably 1 mPa-s to 2 0 0 mPa * 
s, more preferably 5 mPa-s to 80 mPa-s, at a shear rate of 1 0 0 0 sec' 1 . 

Various systems exhibiting thixotropic property are known and, 
for example, described in "Lecture on Rheology", Kobunshi Kanko Kai; 
Muroi & Morino, "Polymer Latex", Kobunshi Knako Kai and so forth. 
A fluid is required to contain a large amount of fine solid 
microparticles to exhibit thixotropic property. For enhancing 
thixotropic property, it is effective that the fluids is added with 
a vi scosi ty - i ncr eas ing linear polymer, or fine solid microparticles 
to be contained have anisotropic shapes and an increased aspect ratio. 
Use of an alkaline v i s c o s i t y - i n c r e a s i ng agent or a surfactant is also 
effective for that purpose. 

The pho t o thermogr aphi c emulsion is provided as one or more 
layers on the support. When it is provided as a monolayer, the layer 
must contain a silver salt of an organic acid, silver halide, 
developing agent, binder and desired additional materials such as 
toning agent, coating aid and other auxiliary agents. When the 
layer is bilayer, the first emulsion layer (in general, the layer 
adjacent to the support) must contain a silver salt of an organic 
acid and silver halide, and the second emulsion layer or said two 
layers may contain the other ingredients. Another type of bilayer 
structure is also employable in which one layer is a single emulsion 
layer containing all necessary ingredients and the other layer is 
a protective top coat layer . Multicolor photothermographic material 
may contain these two layers for each color, or may contain all 
necessary ingredients in a single layer as described in U.S. Patent 
No. 4,708,928. As for multicolor photothermographic materials 
containing multiple dyes, each emulsion layers are kept individually 
by using a functional or non - f unc t ional barrier layer between the 
adjacent photosensitive layers as described in U.S. Patent No. 
4,460,681. 

In the image - forming layer, various types of dyes and pigments 
may be used to improve color tone, to prevent interference fringes 
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generated during laser exposure, and to prevent irradiation. These 
techniques are detailed in International Patent Publication 
W098/36322. Preferred dyes and pigments for the pho to th ermog r aph i c 
material of the present invention include, for example, anthraquinone 
dyes, azomethine dyes, indoaniline dyes, azo dyes, indanthrone 
pigments of anthraquinone type (e.g., C.I. Pigment Blue 60 and so 
forth), phthalocyanine pigments (e.g., copper ph t ha 1 o cy a n i n e s such 
as C.I. Pigment Blue 15; metal-free ph t ha 1 ocy ani nes such as C.I. 
Pigment Blue 16), t r i a r y 1 c a rb ony 1 pigments of printing lake pigment 
type, indigo, inorgan i c p i gmen t s (e.g., ultramarine, c ob a 1 1 b 1 u e a nd 
so forth) . Any methods are employed to add these dyes and pigments 
such as addition as a solution, an emulsion, or a dispersion of fine 
solid microparticles, or addition of a polymer mordant mordanted with 
these. The amount of these compounds to be used may vary depending 
on intended absorbance. In general, the compounds may preferably 
be used in an amount of 1 pg to 1 g per m 2 of the pho to t he rmog r aph i c 
material . 

In the photothermographic material of the invention, an 
antihalation layer may be provided in a distant position from a light 
source relative to the photosensitive layer. The antihalation layer 
is described in J P - A - 1 1 - 6 5 0 2 1 , paragraphs 0123 to 0124 and 
JP-A-11-223898. 

In the photothermographic material of the present invention, 
a decoloring dye and a base precursor are preferably added to a 
non - pho to s en s i t i ve layer of the photothermographic material so that 
the non - pho t os en s i t i ve layer can function as a filter layer or an 
antihalation layer. Photothermographic materials generally have 
non - pho tosens i t i ve layers in addition to the photosensitive layers. 
Depending on their positions, the non - photosensi t ive layers are 
classified into (1) a protective layer to be provided on a 
photosensitive layer (the opposite side of the support); (2) an 
intermediate layer to be provided between two or more of 
photosensitive layers or between a photosensitive layer and a 
protective layer; (3) an undercoat layer to be provided between a 
photosensitive layer and a support; (4) a backing layer to be provided 
on a side opposite to the photosensitive layer. The filter layer 
is provided in the photosensitive material as the layer (1) or (2) . 
The antihalation layer is provided in the photosensitive material 
as the layer (3) or (4) . 

The decoloring dye and the base precursor are preferably added 
to the same non - photosensi tive layer. They may be also added 
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separately to adjacent two non-photosensitive layers. If desired, 
a barrier layer may be provided between the two non - pho t o s en s i t i ve 
layers . 

As methods to add a decoloring dye to a non - pho t os en s i t i ve 
layer, a method may be employed which comprises step of adding a 
solution, an emulsion, a solid mi c r opa r t i c 1 e s dispersion of the dye, 
or the dye impregnated in a polymer to a coating solution for the 
non-photosensitive layer. The dye may also be added to the 
non - pho t o s en s i t i ve layer by using a polymer mordant. These methods 
for addition are the same as those generally employed for the addition 
of dyes to ordinary pho t o t he rmog r aph i c materials. Polymer latexes 
used for preparation of the dye impregnated in a polymer are described 
inU.S. Patent No. 4,1 9 9,3 6 3, German Patent Laid-open Nos. 2 5,14 1,274, 
2,54 1,2 3 0, European Patent Publication EP02 9 1 04 and J P - B - 5 3 - 4 1 0 9 1 . 
A method for emu 1 s i f i c a t i on by adding a dye to a solution in which 
a polymer is dissolved is described in International Patent 
Publication WO88/00723. 

The amount of the decoloring dye may be determined depending 
on purpose of the use of the dye. In general, the dye is used in 
an amount to give an optical density (absorbance) of larger than 1.0 
measured at an intended wavelength. The optical density is 
preferably 0.2 to 2. The amount of the dye to give such optical 
density may be generally from about 0.001 toabout 1 g/m 2 , particularly 
preferably from about 0.01 to about 0.2 g/m 2 . 

Decoloring of dyes in that manner can lower optical density 
of the material to 0.1 or less. Two or more different decoloring 
dyes may be used in the thermode col o r i ng type recording materials 
or pho to thermographic materials. Similarly, two or more different 
base precursors may be used in combination. 

The photothermographic material of the present invention is 
preferably a so-called single-sided photosensitive material 
comprising at least one photosensitive layer containing a silver 
halide emulsion on one side of support, and a backing layer on the 
other side . 

The photothermographic material of the present invention may 
preferably contain a matting agent for improving the transferability 
of the material. Matting agents are described in JP - A - 1 1 - 6 5 0 2 1 , 
paragraphs 0126 to 0127. The matting agent is added in an amount 
of preferably 1 to 4 00 mg/m 2 , more preferably 5 to 3 0 0 mg/m 2 , as the 
amount per 1 m 2 of the photosensitive material. 

The matting degree of the surface of the emulsion layer is not 
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particularly limited so long as the material is free from Stardust 
defects. Beck's smoothness of the matted surface is preferably 30 
seconds to 2 0 00 seconds, more preferably 40 seconds to 1 5 0 0 seconds. 

The matting degree of the backing layer in the present 
invention is preferably falls 10 seconds to 1200 seconds, more 
preferably 20 seconds to 800 seconds, most preferably 40 seconds to 
50 0 seconds as shown by the Beck* s smoothness. 

In the present invention, the matting agent may preferably be 
contained in the outermost surface layer, or in a layer functioning 
as an outermost surface layer, or in a layer near to the outer surface 
of the photothermographic material . The agent may also be preferably 
contained in a layer functioning as a protective layer. 

The back layers that are applicable to the photothermographic 
material of the present invention are described in J P - A - 1 1 - 6 5 0 2 1., 
paragraphs 0128 to 0130. 

A hardening agent may be added to the photosensitive layer, 
the protective layer, the back layer, and other layers. Examples 
of the hardening agent are described in T.H. James, "THE THEORY OF 
THE PHOTOGRAPHIC PROCESS, FOURTH EDITION", Macmillan Publishing Co. , 
Inc., 1 9 7 7, pp. 77 - 87. Polyvalent metal ions described on page 78 
of the above article, p o 1 y i s o c y ana t e s described in U.S. Patent No. 
4,281,060 andJP-A-6-208193 ; epoxycompoundsdescribedinU.S. Patent 
No. 4,791,042 ; vinylsulf one compounds described in JP-A-62-89048 and 
so forth may preferably be used. 

The hardening agent is added to coating solutions as a solution. 
Preferred addition time of the solution to the coating solution of 
the protective layer resides in a period of from 180 minutes before 
the coating to just before the coating, preferably 60 minutes to 10 
seconds before the coating. The method and conditions for mixing 
are not particularly limited so long as the effect of the present 
invention can be obtained satisfactorily. Specific examples of the 
mixing method include a method in which a mixing is performed in a 
tank designed so as to obtain a desired average residence time which 
is calculated from addition flow rate and feeding amount to a coater, 
a method utilizing a static mixer described in N. Harnby, M.F. Edwards, 
A . W . Nienow, "Ekitai Kongo Gijutsu (Techniques for Mixing Liquids)", 
translated by Koji Takahashi, Chapter 8, Nikkan Kogyo Shinbunsha, 
1989 and so forth. 

Surfactants that can be used in the present invention are 
described in JP - A - 1 1 - 6 5 0 2 1 , paragraph 0132; usable solvents are 
described in the above patent document in paragraph 0133; usable 
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supports are described in the above patent document in paragraph 0 13 4; 
usable antistatic and el ec troconduc t i ve layers are described in the 
above patent document in paragraph 0135; and usable methods for 
forming color images are described in the above patent document in 
paragraph 013 6. 

The photothermographic material of the present invention 
preferably has a film surface pH of 6.0 or less, more preferably 5.5 
or less before heat development. While the lower limit is not 
particularly limited, it is normally around 3. For controlling the 
film surface pH, an organic acid such as phthalic acid derivatives 
or a nonvolatile acid such as sulfuric acid, and a volatile base such 
as ammonia are preferably used to lower the film surface pH . In 
particular, ammonia is preferred to achieve a low film surface pH, 
because it is highly volatile and therefore it can be removed before 
coating or heat development. A method for measuring the film surface 
pH is described in Japanese Patent Application No. 11-87297, 
paragraph 0123. 

As the transparent support of the photothermographic material 
of the present invention, preferably used is a polyester film, in 
particular, a polyethylene t e r eph tha 1 a t e film, subjected to a heat 
treatment in a temperature range of 130-185°C in order to relax the 
internal distortion formed in the film during the biaxial stretching 
so that thermal shrinkage distortion occurring during the heat 
development is eliminated. In the case of a photothermographic 
material for medical use, the transparent support may be colored with 
a blue dye (for example, Dye-1 mentioned in the example of 
JP - A - 8 - 2 4 0 8 7 7 ) , or may not be colored. 

It is preferred that techniques for undercoating utilizing 
water-soluble polyester mentioned in JP - A - 1 1 - 8 4 5 7 4 , 

styrene/butadiene copolymer mentioned in JP-A- 10 - 186565, vinylidene 
chloride copolymer mentioned in Japanese Patent Application No. 
11-106881, paragraphs 0063-0080 and so forth are used for the support. 
As for an antistatic layer and undercoating, there can be used 
techniques disclosed in J P - A - 5 6 - 1 4 3 4 3 0 , J P - A - 5 6 - 1 4 3 4 3 1 , 
JP - A- 5 8 - 6 2 6 4 6 , J P - A - 5 6 - 1 2 0 5 1 9 , J P - A - 1 1 - 8 4 5 7 3 , paragraphs 004 0 - 0 05 1, 
U.S. Patent No. 5,57 5,97 3, J P - A - 1 1 - 2 2 3 8 9 8 , paragraphs 0 07 8 - 00 84 and 
so forth . 

The photothermographic material is preferably a monosheet type 
material (the monosheet uses no additional sheet as required by image 
receiving materials, and can form images directly on the material 
itself) . 
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The pho t o t he rmog r aph i c material may further contain an 
antioxidant, a stabilizer, a plasticizer, a ultraviolet absorber or 
a coating aid. Such additives may be added to any of photosensitive 
layers or non - pho t o s en s i t i ve layers. For these additives, 
International Patent Publication W098/36322, European Patent 
Publication EP8 0 37 64A1, J P - A - 1 0 - 1 8 6 5 6 7 , JP-A-10- 18568 and so forth 
may be referred to. 

The coating method for the preparation of the photothermo- 
graphic material of the present invention is not particularly limited, 
and any coating methods may be employed. Specific examples thereof 
include various types of coating techniques, for example, extrusion 
coating, slide coating, curtain coating, dip coating, knife coating, 
flow coating, extrusion coating utilizing a hopper of the type 
described in U.S. Patent No. 2,681,294 and so forth. Preferred 
examples include extrusion coating and slide coating described in 
Stephen F. Kistler, Petert M. Schweizer, "LIQUID FILM COATING", 
published by CHAPMAN & HALL Co., Ltd., 1 9 9 7, pp. 3 9 9 - 5 3 6, and a most 
preferable example includes the slide coating. An example of the 
shape of a slide coater used for the slide coating is shown in Figure 
lib, 1, on page 427 of the aforementioned reference. If desired, 
two or more layers may be formed at the same time, for example, 
according to the methods described from page 3 9 9 to page 53 6 of the 
aforementioned reference, or the methods described in U.S. Patent 
No. 2,761,791 and British Patent No. 837,095. 

Photothermographic materials may be cut into sheets of a 
predetermined size (half size, B4 , A4 , DK etc.), packaged with an 
inner packaging material and an outer packaging material as stacked 
multiple sheets, and shipped. In this case, the inner packaging 
material is preferably made of cardboard, polypropylene sheet, 
polyethylene sheet, laminated materials thereof etc. in order to keep 
the stacked state of the multiple photothermographic material sheets 
(e.g., 50-200 sheets) and prevent scratches and fold of the material. 
The material packaged with the inner packaging material is further 
packaged over the outer surface with the outer packaging material, 
which is laminated with, for example, Al, and has light shielding 
property and high gas barrier property. The state of the material 
thus packaged is shown in Figs. 2 and 3. Fig. 3 shows a plurality 
of stacked photothermographic material sheets in a predetermined size 
packaged with an inner packaging material 20. Further, Fig. 2 shows 
the sheets further packaged with an outer packaging material 3. As 
shown in Fig. 4, the photothermographic material 1 generally has a 
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structure comprising a support 10, an image - forming layer 11 and a 
surface protective layer 12 stacked in this order on one surface of 
the support, and a back layer 13 provided on the other side of the 
support . 

For the photothermographic material of the present invention, 
air space ratio within the outer packaging material is preferably 
0.03-25%, more preferably 0.03-15%. The air space ratio within the 
outer packaging material is calculated by dividing air space volume 
in the outer packaging material with volume of the content in the 
outer packaging material and multiplying the quotient by 100. The 
air space volume is obtained by subtracting the volume formed by the 
photothermographic material and the volume of the inner packaging 
material from the inner volume of the outer packaging material. 

Further, for the photothermographic material of the present 
invention, humidity in the outer packaging material is preferably 
30-70%, more preferably 30-50%. If the photothermographic material 
is packaged so that the humidity in package is within the 
aforementioned range and shipped, performance change of the 
pho to the rmog raphi c ma terial wi th time , i n p a r t i c u 1 a r , d en s i t y c ha ng e 
around formed images, can further be suppressed, and thus stable 
performance can be obtained. 

Other techniques that can be used for the production of the 
photothermographic material of the present invention are also 
described in European Patent Publications EP803764A1, EP883022A1, 
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The photothermographic material of the present invention may 
be developed in any manner. Usually, an imagewise exposed 
photothermographic material is developed by heating. The 
temperature for the development is preferably 80°C to 250°C, more 
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preferably 100°C to 140°C. The development time is preferably 1 to 
180 seconds, more preferably 10 to 90 seconds, most preferably 10 
to 4 0 seconds . 

For thermal development for the material, a plate heater system 
is preferred. For heat development by the plate heater system, the 
method described in JP - A - 1 1 - 1 3 3 5 7 2 is preferred, which uses a heat 
development apparatus wherein a photothermographic material on which 
a latent image is formed is brought into contact with a heating means 
in a heat development section to obtain a visible image, and wherein 
the heating means comprises a plate heater, and a plurality of presser 
rollers are disposed facing to one surface of the plate heater, and 
wherein heat development of the photothermographic material is 
attained by passing the material between the presser rollers and the 
plate heater. The plate heater is preferably sectioned into 2 to 
6 stages, and the temperature of the top stage is preferably kept 
lower by approximately 1 to 10°C than that of the others stages. Such 
a method is also described in JP-A- 54 - 30032. The plate heater system 
can remove moisture and organic solvent contained in the 
photothermographic material out of the material, and prevent change 
in shape of the support of the photothermographic material by rapid 
heating of the material. 

The photothermographic material of the present invention can 
be exposed by any means. As light source of exposure, laser rays 
are preferred. As the laser used in the present invention, gas lasers 
(Ar + , He-Ne), YAG lasers, dye lasers, semiconductor lasers and so 
forth are preferred. A combination of semiconductor laser and second 
harmonic generating device may also be used. Preferred examples 
include gas and semiconductor lasers for red to infrared emission. 

Single mode lasers can be used as the laser rays, and the 
technique disclosed in J P - A - 1 1 - 6 5 0 2 1 , paragraph 0140, can be used. 

The laser output is preferably at least 1 mW, more preferably 
at least 10 mW . Even more preferred is high output of at least 40 
mW . If desired, a plurality of lasers may be combined. The diameter 
of a laser beam may be between about 30 and 2 00 \im based on the level 
of 1/e 2 spot size of a Gaussian beam. 

An example of a laser imager provided with a light exposure 
section and a heat development section is Fuji Medical Dry Laser 
Imager FM-DP L. FM-DP L is described in Fuji Medical Review, No. 
8, pages 39-55, and the techniques described therein can of course 
be used for laser imagers for the photothermographic material of the 
present invention . 
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The photothermographic material of 



the invention forms a 



monochromatic image based on silver image, and is preferably used 
as photothermographic materials for use in medical diagnosis, 
industrial photography, printing and COM. It should be understood 
that, in such applications, the monochromatic images formed can be 
duplicated on duplicating films, Ml-Dup, from Fuji Photo Film for 
medical diagnosis; and for printing, the images can be used as a mask 
for forming reverse images on printing films such as DO-175 and 
PDO-100 from Fuji Photo Film, or on offset printing plates. Further, 
it can be used as a photothermographic material for laser imagers 
in XX AD network ", which is proposed by Fuji Medical System as a network 
system that conforms to the DICOM standard. 

EXAMPLES 

The present invention will be specifically explained with 
reference to the following examples. The materials, regents, ratios, 
procedures and so forth shown in the following examples can be 
optionally changed so long as such change does not depart from the 
spirit of the present invention. Therefore, the scope of the present 
invention is not limited to the following examples. 

( Exampl e 1 ) 

Structures of the compounds used in Example 1 are shown below. 



Spectral sensitizing dye A 




Tellurium sensitizer B 



O 



O 




80 



Base precursor compound 11 
H 



C 2 H 5 -N^ N-C 2 H S 
C NH - C,H 4 — NH- cf 



C,H S — N 7 

2 S | 

H 



N-C.H, 
I 2 5 
H 



I ^~~y-S0 2 -^~^y-S0 2 CH 2 COO " ] 



Cyanine dye compound 13 



H 3 C ^ /CH 3 



H,C .CH 3 




Blue dye compound 14 




N-C 2 H 5 



< < Prepara tion of PET support)) 

Using terephthalic acid and ethylene glycol, PET having an 
intrinsic viscosity IV of 0.66 (measured inphenol/tetrachloroethane 
= 6/4 (weight ratio) at 25°C) was obtained in a conventional manner. 
The PET was pelletized, and the pellets were dried at 130°C for 4 
hours, melted at 3 0 0°C, extruded from a T-die, and quenched to prepare 
an unstretched film having such a thickness that the film thickness 
after thermal fixation should become 175 jam. 

The film was stretched along the longitudinal direction by 3.3 
times using rollers having different peripheral speeds and then 
stretched along the transverse direction by 4.5 times using a tenter. 
In this case, the temperatures were 110°C and 130°C, respectively. 
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Thereafter, the film was subjected to thermal fixation at 240°C for 
20 seconds and relaxed by 4% along the transverse direction at the 
same temperature. Then, after chucks of the tenter were released, 
the both edges of the film were knurled, and the film was rolled up 
at 4 kg/cm 2 to provide a roll of the film having a thickness of 175 
\im . 

<<Surface corona discharging treatment)) 

Using a solid state corona discharging treatment machine Model 
6KVA manufactured by Piller Inc., both surfaces of the support were 
treated at room temperature at 20 m/minute. In this case, from the 
read out values of the electric current and voltage, it was seen that 
the treatment of 0.375 k V • A »m i nu t e / m 2 was applied to the support. 
The treated frequency in this case was 9.6 kHz and the gap clearance 
between the electrode and the dielectric roll was 1.6 mm. 



< < Prepara t ion of undercoated support)) 

(1) Preparation of coating solutions for undercoat layers 
Formulation 1 (for undercoat layer on i ma g e - f o r mi n g layer side) 
Pesresin A-515GB made by Takamatsu 

Yushi K.K. (30 weight % solution) 234 g 

Polyethylene glycol monononyl phenyl 

ether (mean ethylene oxide number = 8.5, 
10 weight % solution) 21.5 g 

MP-1000 made by Soken Kagaku K.K. 

(polymer mi c ropa r t i c 1 e s , mean particle 

size: 0.4 ^m) 0.91 g 

Distilled water 744 ml 



Formulation 2 (for 1st layer on back surface) 
Bu t ad i ene - s ty rene copolymer latex 

(solid content: 40% by weight, weight ratio 

of butadiene/s tyrene = 32/68) 158 g 

2,4-Dichloro-6-hydroxy-S-triazine sodium 

salt (8 weight % aqueous solution) 20 g 

1 weight % Aqueous solution of sodium 

1 aury 1 b en z ene su 1 f ona t e 10 ml 

Distilled water 854 ml 



Formulation 3 (for 2nd layer on back surface side) 
Sn0 2 /SbO (weight ratio: 9/1, mean particle 
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size: 0.03 8 jam, 17 weight % dispersion) 84 g 

Gelatin (10% aqueous solution) 89.2 g 
Metorose TC-5 made by Shin-Etsu Chemical 

Co., Ltd. (2% aqueous solution) 8.6 g 
MP-1000 (polymer mi c ropar t i c 1 es ) made by 

Soken Kagaku K.K. 0.01 g 
1 weight % Aqueous solution of sodium 

dodecylbenzenesul f ona te 10 ml 

NaOH (1%) 6 ml 

Proxel (made by ICI Co.) 1 ml 

Distilled water 805 ml 



< < Pr epara t ion of undercoated support)) 

After applying the aforementioned corona discharging 
treatment to both surfaces of the aforementioned biaxially stretched 
polyethylene t e r ep h t ha 1 a t e support having a thickness of 175 jam , one 
surface (photosensitive layer side) thereof was coated with the 
undercoating solution of Formulation 1 by a wire bar in a wet coating 
amount of 6.6 ml/m 2 (per one surface) and dried at 180°C for 5 minutes. 
Then, the back surface thereof was coated with the undercoating 
solution of Formulation 2 by a wire bar in a wet coating amount of 
5.7 ml/m 2 and dried at 180°C for 5 minutes. Further, the back surface 
thus coated was coated with the undercoating solution of Formulation 
3 by a wire bar in a wet coating amount of 7.7 ml/m 2 and dried at 
180°C for 6 minutes to prepare an undercoated support. 

<< Preparation of coating solution for back surface)) 

(1) Preparation of Solid mi c r opa r t i c 1 e dispersion (a) of base 
precursor 

64 g of Base precursor compound 11, 28 g of dipheny 1 sul f one 
and 10 g of a surface active agent, Demor N (manufactured by Kao 
Corporation), were mixed with 220 ml of distilled water, and the 
mixture was beads-dispersed using a sand mill (1/4 Gallon Sand Grinder 
Mill, manufactured by Imex Co.) to obtain Solid microparticle 
dispersion (a) of the base precursor compound having a mean particle 
size of 0.2 |iim. 

(2) Preparation of dye solid microparticle dispersion 

9.6 g of Cyanine dye compound 13 and 5.8 g of sodium 
p - dodecylbenzenesul f ona te were mixed with 3 0 5 ml of distilled water 
and the mixture was b e a d s - d i s p e r s e d using a sand mill (1/4 Gallon 



83 



Sand Grinder Mill, manufactured by Imex Co.) to obtain a dye solid 
microparticle dispersion having a mean particle size of 0.2 \im . 

(3) Preparation of coating solution for antihalation layer 

17 g of gelatin, 9.6 g of p o 1 y a c r y 1 ami de , 70 g of the 
aforementioned Solid microparticle dispersion (a) of the base 
precursor, 56 g of the aforementioned dye solid microparticle 
dispersion, 1.5 g of polymethyl methacrylate mi c r opa r t i c 1 e s (mean 
particle size 6.5 jim ) , 0.03 g of benzoisothiazolinone, 2.2 g of sodium 
pol y e thy 1 ene su 1 f ona t e , 0.2 g of Blue dye compound 14 and 844 ml of 
water were mixed to prepare a coating solution for antihalation layer. 

<<Preparation of coating solution for back surface protective layer) > 
In a container kept at 40°C, 50 g of gelatin, 0.2 g of sodium 
po 1 y s t y r en e s u 1 f ona t e , 2.4 g of N , N - e thy 1 enebi s ( vinyl sul f ona ce t - 
amide), 1 g of sodium t - oc tyl phenoxye thoxye than e sul f ona t e , 30 mg of 
benzoisothiazolinone, 37 mg of N-perf luorooctylsulf onyl -N- 
propylalanine potassium salt, 0.15 g of polyethylene glycol 
mono (N-perf luorooctylsulf onyl -N -propyl • 2 - aminoethyl ) ether 
[average polymerization degree of ethylene oxide: 15], 32 mg of 
C e F 17 S0 3 K, 64 mg of C 8 F 17 S0 2 N ( C 3 H 7 ) ( CH 2 CH 2 0) 4 ( CH 2 ) 4 - S0 3 Na , 8.8 g of an 
acrylic acid/ethyl acrylate copolymer ( c opo 1 yme r i z a t i on ratio (by 
weight) : 5/95) , 0.6 g of Aerosol OT (manufactured by American Cyanamid 
Company), 1.8 g (as liquid paraffin) of a liquid pa r a f f i n .emu 1 s i on 
and 9 50 ml of water were mixed to form a coating solution for a back 
surface protective layer. 

<< Preparation of Silver halide emulsion 1>> 

1421 ml of distilled water was added with 8.0 ml of a 1 weight % 
potassium bromide solution, and further added with 8.2 ml of 1 mol/L 
nitric acid and 20 g of phthalized gelatin. Separately, Solution 
A was prepared by adding distilled water to 37.04 g of silver nitrate 
to dilute it to 159 ml, and Solution B was prepared by diluting 32.6 
g of potassium bromide with distilled water to a volume of 2 0 0 ml. 
To the aforementioned mixture maintained at 37°C and stirred in a 
titanium-coated stainless steel reaction vessel, the whole volume 
of Solution A was added by the control double jet method over 1 minute 
at a constant flow rate while pAg was maintained at 8.1. Solution 
B was also added by the control double jet method. Then, the mixture 
was added with 30 ml of 3.5 weight % aqueous hydrogen peroxide solution, 
and further added with 36 ml of a 3 weight % aqueous solution of 
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benzimidazol e . Separately, Solution A2 was prepared by diluting 
Solution A with distilled water to a volume of 317.5 ml, and Solution 
B2 was prepared by dissolving tripotassium hexa chl or o i r i da t e in 
Solution B in such an amount that its final concentration should 
become 1 x 10' 4 mole per mole of silver, and diluting the obtained 
solution with distilled water to a volume twice as much as the volume 
of Solution B, 400 ml. The whole volume of Solution A2 was added 
to the mixture again by the control double jet method over 10 minutes 
at a constant flow rate while pAg was maintained at 8.1. Solution 
B2 was also added by the control double jet method. Then, the mixture 
was added with 50 ml of a 0.5 weight % solution of 
2 - me reap to - 5 - me thy 1 benz imida zol e in methanol. After pAg was raised 
to 7.5 with silver nitrate, the mixture was adjusted to pH 3.8 using 
0.5 mol/L sulfuric acid, and the stirring was stopped. Then, the 
mixture was subjected to precipitation, desalting and washing with 
water, added with 3.5 g of deionized gelatin and 1 mol/L sodium 
hydroxide to be adjusted to pH 6.0 and pAg of 8.2 to form a silver 
halide dispersion. 

The grains in the completed silver halide emulsion were pure 
silver bromide grains having a mean diameter as spheres of 0.053 pm 
and a variation coefficient of 18% for mean diameter as spheres. The 
grain size and others were obtained from averages for 1000 grains 
by using an electron microscope. The [100] face ratio of these grains 
was determined to be 85% by the Kubelka-Munk method. 

The aforementioned emulsion was added with 0.035 g of 
b en z o i so thi a zol inone (added as a 3.5 weight % methanol solution of 
the compound) with stirring at 38°C, and after 40 minutes since then, 
added with the solid dispersion (an aqueous gelatin solution) of 
Spectral sensitizing dye A in an amount of 5 x 10' 3 mole per mole of 
silver. After 1 minutes, the mixture was warmed to 47°C, and after 
20 minutes, added with 3 x 10" 5 mole of sodium ben z en e th i o sul f ona t e 
per mole of silver. Further after 2 minutes, the mixture was added 
with Tellurium sensitizer B in an amount of 5 x 10' 5 mole per mole 
of silver followed by ripening for 90 minutes. Immediately before 
finishing the ripening, the mixture was added with 5 ml of a 0.5 
weight % methanol solution of N , N ' - d i hy d r oxy - N " - d i e t hy 1 me 1 a m i n e , 
and after lowering the temperature to 31°C, added with 5 ml of a 3.5 
weight % methanol solution of phenoxy e t hano 1 , 7 x 10' 3 mole of 
5 -methyl - 2 - mer cap t oben z imi dazol e per mole of silver, and 6.4 x 10' 3 
mole of 1 - phenyl - 2 - hep tyl - 5 - mercap to - 1 , 3 , 4 - tr ia zol e per mole of 
silver to prepare Silver halide emulsion 1. 
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<< Preparation of Silver halide emulsion 2>> 

In the same manner as the preparation of Silver halide emulsion 
1 except that the liquid temperature upon forming the grains was 
changed from 37°C to 50°C, a pure silver bromide cubic grain emulsion 
having a mean grain size of 0.08 jim as spheres and a variation 
coefficient of 15% for size as spheres was prepared. Further, as 
in the case of Silver halide emulsion 1, the steps of precipitation, 
desalting, washing with water and dispersion were performed. 
Furthermore, in the same manner as in the case of Silver halide 
emulsion 1 except that the addition amount of Spectral sensitizing 
dye A was changed to 4.5 x 10" 3 mole per mole of silver, spectral 
sensitization, chemical sensitization and addition of 
5 -methyl - 2 -mercaptobenzimidazole and l-phenyl-2-heptyl-5- 
me r cap to - 1 , 3 , 4 - t r a i z ol e were performed to obtain Silver halide 
emu 1 s i on 2 . 

<< Preparation of Silver halide emulsion 3>> 

In the same manner as the preparation of Silver halide emulsion 
1 except that the liquid temperature upon forming the grains was 
changed from 37°C to 2 7 °C , a pure silver bromide cubic grain emulsion 
having a mean grain size of 0.038 \m as spheres and a variation 
coefficient of 20% for size as spheres was prepared. Further, as 
in the case of Silver halide emulsion 1, the steps of precipitation, 
desalting, washing with water and dispersion were performed. 
Further, in the same manner as in the case of Silver halide emulsion 
1 except that the addition amount of Spectral sensitizing dye A was 
changed to 6 x 10' 3 mole per mole of silver, spectral sensitization, 
chemical sensitization, and addition of 5 - me thyl - 2 - mercap tobenz - 
imidazole and l-phenyl-2-heptyl-5-mercapto-l,3,4-traizole were 
performed to obtain Silver halide emulsion 3. 

<< Preparation of Mixed emulsion A for coating solution)) 

70% by weight of Silver halide emulsion 1, 15% by weight of 
Silver halide emulsion 2 and 15% by weight of Silver halide emulsion 
3 were mixed and added with benzo th i a z o 1 i urn iodide in an amount of 
7 x 10 3 mole per mole of silver as a 1 weight % aqueous solution to 
form Mixed emulsion A for coating solution. 

< < Prepara t ion of scaly fatty acid silver salt)) 

87.6kg of behenic acid (Edenor C22-85R, trade name, 
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manufactured by Henkel Co.), 423 L of distilled water, 49.2 L of a 
5 mol/L aqueous solution of NaOH, and 120 L of tert-butanol were mixed 
and allowed to react with stirring at 75°C for one hour to obtain 
a solution of sodium behenate. Separately, 206.2 L of an aqueous 
solution containing 40.4 kg of silver nitrate (pH 4.0) was prepared 
and kept at 10°C. A mixture of 6 3 5 L of distilled water and 30 L of 
tert-butanol contained in a reaction vessel kept at 30°C was added 
with the whole amount of the aforementioned sodium behenate solution 
and the whole amount of the aqueous silver nitrate solution at 
constant flow rates over the periods of 62 minutes and 10 seconds, 
and 60 minutes, respectively. In this case, they were added in such 
a manner that only the aqueous silver nitrate solution was added for 
7 minutes and 20 seconds after starting the addition of the aqueous 
silver nitrate solution, and for 9 minutes and 30 seconds after 
finishing the addition of the aqueous silver nitrate solution, only 
the sodium behenate solution was added. In this operation, the 
outside temperature was controlled so that the temperature in the 
reaction vessel was 30°C and the liquid temperature is constant. The 
piping of the addition system for the sodium behenate solution was 
warmed by steam trace and the steam opening was controlled such that 
the liquid temperature at the outlet orifice of the addition nozzle 
should be 75°C. The piping of the addition system for the aqueous 
silver nitrate solution was maintained by circulating cold water 
outside a double pipe. The addition position of the sodium behenate 
solution and the addition position of the aqueous silver nitrate 
solution were arranged symmetrically with respect to the stirring 
axis as the center, and the positions are controlled at heights for 
not contacting with the reaction mixture. 

After finishing the addition of the sodium behenate solution, 
the mixture was left with stirring for 20 minutes at the same 
temperature and then the temperature was decreased to 25°C. 
Thereafter, the solid content was recovered by centrifugal filtration 
and the solid content was washed with water until electric 
conductivity of the filtrate became 30 jj,S/cm. Thus, a fatty acid 
silver salt was obtained. The solid content was stored as a wet cake 
without being dried. 

When the shape of the obtained silver behenate grains was 
evaluated by an electron microscopic photography, the grains were 
scaly crystals having a * 0.14 jam , b = 0.4 jam, and c = 0.6 jam in mean 
values, a mean aspect ratio of 5.2, a mean diameter as spheres of 
0.52 ym , and a variation coefficient of 15% for mean diameter as 
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spheres (a, b and c have the meanings defined in the present 
spec if ication) . 

To the wet cake corresponding to 100 g of the dry solid content 
was added with 7.4 g of polyvinyl alcohol (PVA-217, trade name, 
average polymerization degree: 1700) and water to make the total 
amount 385 g, and the mixture was p r e - d i s p e r s e d by a homomixer. 

Then, the p r e - d i s p e r s e d stock dispersion was treated three 
times by using a dispersing machine (Microfluidizer-M-llOS-EH; trade 
name, manufactured by Microfluidex International Corporation, using 
G10Z interaction chamber) with a pressure controlled to be 1750 kg/cm 2 
to obtain a silver behenate dispersion. During the cooling operation, 
a dispersion temperature of 18°C was achieved by providing coiled 
heat exchangers fixed before and after the interaction chamber and 
controlling the temperature of the refrigerant. 

,<<Preparation of 25 weight % dispersion of reducing agent>> 

10 kg of l,l-bis(2-hydroxy-3,5-dimethylphenyl)-3,5,5-tri- 
methylhexane and 10 kg of a 20 weight % aqueous solution of denatured 
polyvinyl alcohol (Poval MP203, manufactured by Kuraray Co. Ltd.) 
were added with 16 kg of water, and mixed sufficiently to form slurry. 
The slurry was fed by a diaphragm pump to a sand mill of horizontal 
type (UVM-2, manufactured by Imex Co.) containing zirconia beads 
having a mean diameter of 0.5 mm, and dispersed for 3 hours and 30 
minutes. Then, the slurry was added with 0.2 g of ben zo thi a z o 1 i none 
sodium salt and water so that the concentration of the reducing agent 
became 25% by weight to obtain a reducing agent dispersion. The 
reducing agent particles contained in the reducing agent dispersion 
obtained as described above had a median diameter of 0.40 jj.m and the 
maximum particle size of 1.8 jam or shorter. The obtained reducing 
agent dispersion was filtered through a polypropylene filter having 
a pore size of 10.0 |im to remove dusts and so forth, and stored. 

<< Preparation of 10 weight % dispersion of mercapto compound)) 

5 kg of 1 - pheny 1 - 2 - hep ty 1 - 5 - mer cap to - 1 , 3 , 4 - t r ia zol e and 5 kg 
of a 20 weight % aqueous solution of denatured polyvinyl alcohol 
(Poval MP203, manufactured by Kuraray Co., Ltd.) were added with 8.3 
kg of water, and mixed sufficiently to form slurry. The slurry was 
fed by a diaphragm pump to a sand mill of horizontal type (UVM-2, 
manufactured by Imex Co.) containing zirconia beads having a mean 
diameter of 0.5 mm, and dispersed for 6 hours. Then, the slurry was 
added with water so that the concentration of the mercapto compound 
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became 10 weight % to obtain a mercapto compound dispersion. The 
mercapto compound particles contained in the mercapto compound 
dispersion obtained as described above had a median diameter of 0.40 
(jjn and the maximum particle size of 2.0 jim or less. The mercapto 
compound dispersion was filtered through a polypropylene filter 
having a pore size of 10.0 fim to remove dusts and so forth, and stored. 
The dispersion was filtered through a polypropylene filter having 
a pore size of 10.0 j^m immediately before use. 

<< Preparation of 20 weight % dispersion of organic po 1 yha 1 og e n a t e d 
compound 1 > > 

5 kg of tribromomethylnaphthylsulf one, 2.5 kg of a 20 weight % 
aqueous solution of denatured polyvinyl aTcohol (Poval M P 2 0 3 , 
manufactured by Kuraray Co., Ltd.) and 213 g of 20 weight % aqueous 
solution of sodium t r i i sopropy lnaph tha 1 enesul f ona t e were added with 
10 kg of water, and mixed sufficiently to form slurry. The slurry 
was fed by a diaphragm pump to a sand mill of horizontal type (UVM-2, 
manufactured by Imex Co.) containing zirconia beads having a mean 
diameter of 0.5 mm, and dispersed for 5 hours. Then, the slurry was 
added with 0.2 g of b en z i s o t h i a z o 1 i non e sodium salt and water so that 
the concentration of the organic p o 1 y ha 1 og e na t ed compound became 20 
weight % to obtain an organic polyha 1 ogena t ed compound dispersion. 
The organic p o 1 y ha 1 og e n a t e d compound particles contained in the 
polyhalogenated compound dispersion obtained as described above had 
a median diameter of 0.36 |j.m and the maximum particle size of 2.0 
iim or less. The obtained organic polyhalogenated compound 
dispersion was filtered through a polypropylene filter having a pore 
size of 3.0 jim to remove dusts and so forth, and stored. 

<< Preparation of 25 weight % dispersion of organic polyhalogenated 
c ompound 2 > > 

A dispersion was prepared in the same manner as the preparation 
of the 20 weight % dispersion of organic polyhalogenated compound 
1 except that 5 kg of N - bu ty 1 - 3 - t r ib r omome than e s u 1 f ony 1 ben z ami de was 
used instead of 5 kg of tribromome thy lnaph thy 1 sul f one , diluted so 
that the concentration of the organic polyhalogenated compound became 
25 weight %, and filtered. The organic polyhalogenated compound 
particles contained in the organic polyhalogenated compound 
dispersion obtained as described above had a median diameter of 0.39 
\m and the maximum particle size of 2.2 jam or less. The obtained 
organic polyhalogenated compound dispersion was filtered through a 
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polypropylene filter having a pore size of 3.0 jam to remove dusts 
and so forth, and stored. 

<< Preparation of 30 weight % dispersion of organic po 1 yha 1 og ena t ed 
compound 3 > > 

A dispersion was prepared in the same manner as the preparation 
of the 20 weight % dispersion of organic pol yha 1 ogena t ed compound 
1 except that 5 kg of t r i b r omome t hy 1 p h eny 1 s u 1 f one was used instead 
of 5 kg of tr ibromome thy 1 naph thy 1 sul f one and the amount of the 20 
weight % aqueous solution of MP203 was changed to 5 kg, diluted so 
that the concentration of the organic polyhalogenated compound became 
30 weight %, and filtered. The organic polyhalogenated compound 
particles contained in the organic polyhalogenated compound 
dispersion obtained as described above had a median diameter of 0.41 
]im and the maximum particle size of 2.0 jam or less. The obtained 
organic polyhalogenated compound dispersion was filtered through a 
polypropylene filter having a pore size of 3.0 jam to remove dusts 
and so forth, and stored. The dispersion was stored at 10 °C or less 
until use. 



<< Preparation of 5 weight % solution of phthalazine compound)) 

8 kg of denatured polyvinyl alcohol (Poval MP-203, 
manufactured by Kuraray Co. , Ltd. ) was dissolved in 174. 57 kg of water 
and then added with 3.15 kg of 20 weight % aqueous solution of sodium 
t r i i s op ropy 1 naph tha 1 ene su 1 f ona t e and 14.28 kg of 70 weight % aqueous 
solution of 6 - i sop ropy 1 ph tha 1 a z i ne to obtain a 5 weight % solution 
of 6-isopropylphthalazine. 



<< Preparation of 20 weight % dispersion of pigment)) 

64 g of C.I. Pigment Blue 60 and 6.4 g of Demor N manufactured 
by Kao Corporation were added with 2 5 0 g of water and mixed 
sufficiently to provide slurry. Then, 800 g of zirconia beads having 
a mean diameter of 0.5 mm were placed in a vessel together with the 
slurry and the slurry was dispersed by a dispersing machine (1/4G 
Sand Grinder Mill; manufactured by Imex Co.) for 25 hours to obtain 
a pigment dispersion. The pigment particles contained in the pigment 
dispersion obtained as described above had a mean particle size of 
0.21 jam . 

< < Prepara t ion of 40 weight % SBR latex)) 

SB R latex purified by ultrafiltration (UF) was obtained as 
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follows . 

The SBR latex mentioned below diluted by 10 times with 
distilled water was diluted and purified by using an UF - pu r i f i ca t i on 
module FS03 -FC-FUY03A1 (manufactured by Daisen Membrane System K . K . ) 
until the ion conductivity became 1.5 mS/cm, and added with Sandet-BL 
(manufactured by SANYO CHEMICAL INDUSTRIES, LTD.) to a concentration 
of 0.22% by weight. Further, the latex was added with NaOH and NH 4 OH 
so that the ratio Na* ion:NH 4 * ion became 1:2.3 (molar ratio) to adjust 
pH to 8.4. At this point, the concentration of the latex was 40% 
by weight. 

(SBR latex: a latex of - S t ( 6 8 ) - B u ( 2 9 ) - AA ( 3 ) - , wherein the numerals 
in the parentheses indicate the contents in terms of % by weight, 
St represents styrene, Bu represents butadiene and AA represents 
acryl ic acid) 

The latex had the following characteristics: mean particle 
size of 0.1 jam, concentration of 45%, equilibrated moisture content 
of 0.6% by weight at 25°C and relative humidity 60%, and ion 
conductivity of 4.2 mS/cm (measured for the latex stock solution (40%) 
at 25°C by using a c ondu c t ome t e r , CM-30S, manufactured by Toa 
Electronics, Ltd.), pH 8.2. 

<< Preparation of coating solution for image - formi ng layer > > 

1.1 g of the 20 weight % aqueous dispersion of the pigment 
obtained above, 103 g of the organic acid silver salt dispersion, 

5 g of the 20 weight % aqueous solution of polyvinyl alcohol, PVA-205 
(manufactured by Kuraray Co. , Ltd. ) , 25 g of the 25 weight % dispersion 
of the reducing agent, 13.2 g in total of the dispersions of organic 
polyhalogenated compounds 1 to 3 (weight ratio = 2:5:2), 6.2 g of 
the 10 weight % dispersion of mercapto compound, 106 g of the 40 
weight % SBR latex purified by ultrafiltration (UF) and undergone 
pH adjustment, and 18 ml of the 5 weight % solution of the phthalazine 
compound were combined, added with 10 g of Silver halide emulsion 
A, and mixed sufficiently to prepare a coating solution for 
image - forming layer (photosensitive layer, emulsion layer). The 
coating solution was fed as it was to a coating die in such a feeding 
amount giving a coating amount of 70 ml/m 2 and coated. 

The viscosity of the coating solution for emulsion layer 
described above was measured by a B-type viscometer manufactured by 
Tokyo Keiki K.K. and found to be 85 [mPa-s] at 40°C (Rotor No. 1, 

6 0 rpm) . 

The viscosity of the coating solution was measured at 25°C by 
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an RFS fluid spectrometer produced by Rheometric Far East Co., Ltd., 
and found to be 1 5 0 0 # 2 2 0, 7 0, 4 0 and 20 [mPa*s] at shear rates of 
0.1, 1, 10, 100 and 1000 [1/second], respectively. 



<< Preparation of coating solution for intermediate layer on the 
emulsion layer surf ace>> 

772 g of an aqueous solution of 10% by weight polyvinyl alcohol, 
PVA-205 (manufactured by Kuraray Co., Ltd.), 5.3 g of the 20 weight % 
dispersion of the pigment, and 2 2 6 g of a 27.5 weight % latex of methyl 
methacrylate/styrene/butyl acrylate/hydroxyethyl methacrylate/ 
acrylic acid copolymer ( c op o 1 ym e r i z a t i on ratio (by weight): 
64/9/20/5/2) were added with 2 ml of a 5 weight % aqueous solution 
of Aerosol OT (manufactured by American Cyanamid Company), 10.5 ml 
of a 20 weight % aqueous solution of phthalic acid diammonium salt 
and water in such an amount giving a total amount of 880 g to form 
a coating solution for intermediate layer. This coating solution 
was fed to a coating die in such an amount that gave a coating amount 
of 10 ml/m 2 . 

The viscosity of the coating solution measured by a B-type 
viscometer at 40°C (Rotor No. 1, 60 rpm) was 21 [mPa-s]. 

< < Pr epara t ion of coating solution for 1st protective layer on 
emulsion layer surface)) 

64 g of inert gelatin was dissolved in water, added with 80 
g of a 27.5 weight % latex solution of methyl methacrylate/styrene/ 
butyl acrylate/hydroxyethyl me t ha c r y 1 a t e / a c r y 1 i c acid copolymer 
( copol ymer i z a t i on ratio (by weight): 6 4 / 9 /2 0/5 /2 ), 2 3 ml of a 10 
weight % methanol solution of phthalic acid, 23 ml of a 10 weight % 
aqueous solution of 4-methylphthalic acid, 28 ml of 0.5 mol/L sulfuric 
acid, 5 ml of a 5 weight % aqueous solution of Aerosol OT (manufactured 
by American Cyanamid Company), 0.5 g of phenoxye thanol , 0.1 g of 
ben z o i so t hi a zo 1 i none , and water in such an amount that gave a total 
amount of 750 g to form a coating solution. The coating solution 
was mixed with 26 ml of 4 weight % chromium alum by a static mixer 
immediately before coating, and fed to a coating die in such an amount 
that gave a coating amount of 18.6 ml/m 2 . 

The viscosity of the coating solution measured by a B-type 
viscometer (Rotor No. 1, 60 rpm) at 40°C was 17 [mPa*s]. 

< < P r epa r a t i on of coating solution for 2nd protective layer on 
emulsion layer surface)) 
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80 g of inert gelatin was dissolved in water, added with 102 
g of a 27.5 weight % latex solution of methyl me thacry la te/ s tyr ene 
/butyl acryla t e / hydroxy e thy 1 me tha c r y 1 a t e / a c ry 1 i c acid copolymer 
( copolymer i za t ion ratio (by weight): 6 4 / 9 / 2 0/ 5/ 2 ), 3.2 ml of a 5 
weight % solution of N - p e r f 1 uorooc t y 1 su 1 f ony 1 - N - pr opy 1 a 1 an i n e 
potassium salt, 32 ml of a 2 weight % aqueous solution of polyethylene 
glycol mono(N-perf luorooctylsulfonyl-N-propyl -2 -aminoethyl) ether 
[average polymerization degree of ethylene oxide = 15], 23 ml of a 
5 weight % aqueous solution of Aerosol OT (manufactured by American 
Cyanamid Company), 4 g of polymethyl methacrylate m i c r op a r t i c 1 e s 
(mean particle size: 0.7 \xm ) , 21 g of polymethyl methacrylate 
microparticles (mean particle size: 6.4 |Ltm), 1.6 g of 
4 -methylphthalic acid, 4.8 g of phthalic acid, 44 ml of 0.5 mol/L 
sulfuric acid, 10 mg of b e n z o i s o t h i a z o 1 i non e and water in such an 
amount that gave a total amount of 6 5 0 g. The mixture was further 
mixed with 44 5 ml of an aqueous solution containing 4 weight % chromium 
alum and 0.67 weight % of phthalic acid by a static mixer immediately 
before coating to form a coating solution for surface protective layer, 
which was fed to a coating die in such an amount that gave a coating 
amoun t of 8.3 ml /m 2 . 

The viscosity of the coating solution measured by a B-type 
viscometer (Rotor No. 1, 60 rpm) at 40°C was 9 [mPa»s] . 

<< Preparation of photo thermographi c material)) 

On the back side of the aforementioned support having an 
undercoat layer, the coating solution for antihalation layer and the 
coating solution for back surface protective layer were 
simultaneously applied as stacked layers so that the applied solid 
content amount of the solid mi c r opa r t i c 1 e dye in the antihalation 
layer became 0.04 g/m 2 , and the applied amount of gelatin in the 
protective layer becomes 1.7 g/m 2 , and dried to form an antihalation 
back layer . 

Then, on the side opposite to the back side, an image - forming 
layer (coated silver amount of the silver halide was 0.14 g/m 2 ), 
intermediate layer, first protective layer, and second protective 
layer were simultaneously applied in this order from the undercoat 
layer by the slide bead application method as stacked layers to form 
Sample 001 of photothermographic material. 

The coating was performed at a speed of 160 m/min. The gap 
between the tip of coating die and the support was set to be 0.14 
to 0.28 mm, and the coated width was controlled so that it spread 
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by 0.5 mm each at both sides compared with the projecting slit width 
of the coating solution. The pressure in the reduced pressure 
chamber was adjusted to be lower than the atmospheric pressure by 
392 Pa. In this case, handling, temperature and humidity were 
controlled so that the support was not electrostatically charged and 
electrostatic charge was further eliminated by ionized wind 
immediately before the coating. In the subsequent chilling zone, 
the material was blown with air showing a dry-bulb temperature of 
18 °C and a wet-bulb temperature of 12 °C for 30 seconds to cool the 
coating solutions. Then, in the floating type drying zone in a coiled 
shape, the material was blown with drying air showing a dry-bulb 
temperature of 30°C and a wet-bulb temperature of 18°C for 2 0 0 seconds 
Subsequently, the material was passed through a drying zone of 70°C 
for 20 seconds, and then another drying zone of 90°C for 10 seconds, 
and cooled to 25°C to evaporate the solvent in the coating solution. 
The average wind velocities of the wind applied to the coated layer 
surface in the chilling zone and the drying zones were 7 m/sec. 

The prepared photo the rmogr aphi c material showed matting 
degrees of 55 seconds for the image - forming layer side, and 130 
seconds for the back surface, in terms of Beck's smoothness. 

Samples 102 to 123 were prepared wherein coating amounts of 
a phenolic reducing agent (compound of the formula (I) ) and a compound 
satisfying at least one of the requirements A and B were adjusted 
as shown in Table 1 so that they gave development density 
substantially the same as that of the aforementioned Sample 101, and 
evaluated for image storability. When these samples were prepared, 
the phenolic reducing agents (compound of the formula (I)) were used 
instead of 
l,l-bis(2-hydroxy-3,5-dimethylphenyl) -3,5,5-trimethylhexane used 
for the aforementioned 25% dispersion of reducing agent. 

Compound (II-2) of Sample 102 was incorporated as the following 
dispersion after forming the i ma g e - f o rm i ng layer. As for the amount 
used, it was used in an amount equimolar to the reducing agent. As 
for Samples 1 0 3 - 1 2 3, each of the compounds mentioned in Table 1 was 
dispersed in the same manner, and used in the amount mentioned in 
Table 1 (represented as a relative mole % based on the amount of 
Compound (II-2), which is taken as 100%). 

<< Preparation of dispersion of Compound II-2>> 

1 kg of Compound II-2 and 1 kg of a 20 weight % aqueous solution 
of denatured polyvinyl alcohol (Poval MP2 0 3, manufactured by Kuraray 
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Co., Ltd.) were added with 1.6 kg of water, and mixed sufficiently 
to form slurry. The slurry was fed by a diaphragm pump to a sand 
mill of horizontal type (UVM-2, manufactured by Imex Co.) containing 
zirconia beads having a mean diameter of 0.5 mm, and dispersed for 
3 hours and 30 minutes. Then, the slurry was added with 0.2 g of 
benz i so thi a zol i none sodium salt and water so that the concentration 
of the phosphoryl compound became 25 weight % to obtain solid 
microparticle dispersion of the phosphoryl compound. The phosphoryl 
compound particles contained in the dispersion obtained as described 
above had a median diameter of 0.45 jam and the maximum particle size 
of 2.0 jam or shorter. The obtained dispersion was filtered through 
a polypropylene filter having a pore size of 10.0 |im to remove dusts 
and so forth, and stored. 

Image storability of the samples was evaluated by storing each 
photosensitive material after heat development at 60°C and relative 
humidity of 50% for one day, and measuring change of densities A 
Dmin in blank portions before and after the storage. The results 
are shown in Table 1. 
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As clearly seen from the results shown in Table 1, the image 
storability was markedly improved by the combinations according to 
the present invention. 

(Example 2) 

Photothermographi c materials were obtained in the same manner 
as in Example 1 except that Silver halide emulsions 1-3, Mixed 
emulsion A for coating, the solid fine particle dispersion of reducing 
agent, the 25 weight % dispersion of organic po 1 yha 1 og ena t ed compound 
2, the 30 weight % dispersion of organic po 1 y ha 1 og ena t ed compound 
3 and the coating solution for image - forming layer used in Example 
1 were replaced with those prepared by the following methods and a 
phosphoryl compound dispersion was used. 

< < Pr epara t i on of Silver halide emulsion 1>> 

1421 ml of distilled water was added with 3.1 ml of a 1 weight % 
potassium bromide solution, and further added with 3.5 ml of 1 mol/L 
nitric acid and 31.7 g of phthalized gelatin. Separately, Solution 
A was prepared by adding distilled water to 22.22 g of silver nitrate 
to dilute it to 95.4 ml, and Solution B was prepared by diluting 15.9 
g of potassium bromide with distilled water to a volume of 97.4 ml. 
To the aforementioned mixture maintained at 34 °C and stirred in a 
t i tanium - coa t ed stainless steel reaction vessel, the whole volume 
of Solution A and Solution B was added over 45 seconds at a constant 
flow ratewhile. Then, themixturewas addedwith 10 ml of 3.5 weight % 
aqueous hydrogen peroxide solution, and further added with 10.8 ml 
of a 10 weight % aqueous solution of b en z i m i da z o 1 e . Separately, 
Solution C was prepared by adding distilled water to 51.86 g of silver 
nitrate to dilute it to 317.5 ml, and Solution D was prepared by 
diluting 45.8 g of potassium bromide with distilled water to a volume 
of 4 0 0 ml. The whole volume of Solution C was added to the mixture 
over 20 minutes at a constant flow rate. Solution D was added by 
the control double jet method while pAg was maintained at 8.1. 
Hexachloroiridic acid (III) potassium salt in such an amount that 
its concentration should become 1 * 10* 4 mole per mole of silver was 
added at one time 10 minutes after the addition of Solutions C and 
D was started. Further, an aqueous solution of potassium iron(II) 
hexacyanide in such an amount that its concentration should become 
3 x io' 4 mole per mole of silver was added at one time 5 seconds after 
the addition of Solution C was completed. Then, the mixture was 
adjusted to pH 3.8 using 0.5 mol/L sulfuric acid, and the stirring 
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was stopped. Then, the mixture was subjected to precipitation, 
desalting and washing with water, adjusted to pH 5.9 with 1 mol/L 
sodium hydroxide to form a silver halide dispersion having pAg of 
8.0. 

The aforementioned silver halide dispersion was added with 5 
ml of a 0.34 weight % methanol solution of l,2-benzisothiazolin-3-one 
with stirring at 38°C, and after 40 minutes since then, added with 
a methanol solution of Spectral sensitizing dye A in an amount of 
1 x 10' 3 mole per mole of silver. After 1 minutes, the mixture was 
warmed to 47°C, and after 20 minutes, added with 7.6 x 10" 5 mole of 
sodium benzenethiosulf onate per mole of silver. Further after 5 
minutes, the mixture was added with Tellurium sensitizer B as a 
methanol solution in an amount of 1.9 x 10' 5 mole per mole of silver 
followed by ripening for 91 minutes. The mixture was added with 1.3 
ml of a 0.8 weight % methanol solution of N,N'-dihydroxy-N"-diethyl- 
melamine, and 4 minutes later, added with 3.7 x 10' 3 mole per mole 
of silver of 5 - methyl - 2 - mercaptobenzimidazole and 4.9 x 1 0 ' 3 mole per 
mole of silver of 1 - pheny 1 - 2 - hep t y 1 - 5 - me r c ap t o - 1 , 3 , 4 - t r i a z o 1 e as a 
methanol solution to prepare Silver halide emulsion 1. 

The grains in the prepared silver halide emulsion were pure 
silver bromide grains having a mean diameter as spheres of 0.046 pm 
and a variation coefficient of 20% for mean diameter as spheres. The 
grain size and others were obtained from averages for 1000 grains 
by using an electron microscope. The [100] face ratio of these grains 
was determined to be 80% by the Kubelka-Munk method. 

<< Preparation of Silver halide emulsion 2>> 

In the same manner as the preparation of Silver halide emulsion 
1 except that the liquid temperature upon forming the grains was 
changed from 34°C to 49°C, addition time of Solution C was changed 
to 30 minutes and potassium iron(II) hexacyanide was not used, Silver 
halide emulsion 2 was prepared. Further, as in the case of Silver 
halide emulsion 1, the steps of precipitation, desalting, washing 
with water and dispersion were performed. Furthermore, in the same 
manner as in the case of Silver halide emulsion 1 except that the 
addition amount of Spectral sensitizing dye A was changed to 7.5 x 
10 3 mole per mole of silver and the addition amount of 
1 - pheny 1 - 2 - hep ty 1 - 5 - me r cap to - 1 , 3 , 4 - tr ia zo 1 e was changed to 3.3 x 
10 3 mole of per mole of silver, spectral sensitization, chemical 
sensitization, and addition of 5-methyl -2-mercaptobenzimidazole and 
l-phenyl-2-heptyl-5-mercapto-l,3,4-traizole were performed to 
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obtain Silver halide emulsion 2. Emulsion grains of Silver halide 
emulsion 2 were pure silver bromide cubic grains having a mean grain 
size of 0.080 urn as spheres and a variation coefficient of 20% for 
diameter as spheres. 

< < Pr epar a t i on of Silver halide emulsion 3>> 

In the same manner as the preparation of Silver halide emulsion 
1 except that the liquid temperature upon forming the grains was 
changed from 34°C to 2 7 °C , Silver halide emulsion 3 was prepared. 
Further, as in the case of Silver halide emulsion 1, the steps of 
precipitation, desalting, washing with water and dispersion were 
performed. Furthermore, in the same manner as in the case of Silver 
halide emulsion 1 except that the addition amount of Spectral 
sensitizing dye A solid dispersion (gelatin aqueous solution) was 
changed to 6 x 10' 3 mole per mole of silver and the addition amount 
of Tellurium sensitizer B was changed to 5.2 x 10" 4 mole per mole of 
silver, Silver halide emulsion 3 was obtained. Emulsion grains of 
Silver halide emulsion 3 were pure silver bromide cubic grains having 
a mean grain size of 0.038 jam as spheres and a variation coefficient 
of 20% for diameter as spheres. 

< < P r ep a r a t i on of Mixed emulsion A for coating solution) > 

70% by weight of Silver halide emulsion 1, 15% by weight of 
Silver halide emulsion 2 and 15% by weight of Silver halide emulsion 
3 were mixed and added with benzo thia zol ium iodide in an amount of 
7 x 10" 3 mole per mole of silver as a 1 weight % aqueous solution to 
form Mixed emulsion A for coating solution. 

< < P r epa r a t i on of solid m i c r op a r t i c 1 e dispersion of reducing agent>> 

10 kg of l,l-bis(2-hydroxy-3,5-dimethylphenyl)-3,5,5-tri- 
methylhexane as a reducing agent and 10 kg of a 20 weight % aqueous 
solution of denatured polyvinyl alcohol (Poval MP203, manufactured 
by Kuraray Co., Ltd.) were added with 16 kg of water, and mixed 
sufficiently to form slurry. The slurry was fed by a diaphragm pump 
to a sand mill of horizontal type (UVM-2, manufactured by Imex Co.) 
containing zirconia beads having a mean diameter of 0.5 mm, and 
dispersed for 3 hours and 30 minutes. Then, the slurry was added 
with 0.2 g of b en z o t h i a z o 1 i non e sodium salt and water so that the 
concentration of the reducing agent became 25 weight % to obtain a 
solid microparticule dispersion of reducing agent. The reducing 
agent particles contained in the dispersion obtained as described 
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above had a median diameter of 0.42 (j.m and the maximum particle size 
of 2.0 |im or less. The obtained reducing agent dispersion was 
filtered through a polypropylene filter having a pore size of 10.0 
jam to remove dusts and so forth, and stored. 

<< Preparation of dispersion of phosphoryl compound)) 

1 kg of triphenylphosphine oxide as a phosphoryl compound and 
1 kg of a 20 weight % aqueous solution of denatured polyvinyl alcohol 
(Poval MP203, manufactured by Kuraray Co., Ltd.) were added with 1.6 
kg of water, and mixed sufficiently to form slurry. The slurry was 
fed by a diaphragm pump to a sand mill of horizontal type (UVM-2, 
manufactured by Imex Co.) containing zirconia beads having a mean 
diameter of 0.5 mm, and dispersed for 3 hours and 30 minutes. Then, 
the slurry was added with 0.2 g of b e n z o t h i a z o 1 i non e sodium salt and 
water so that the concentration of the phosphoryl compound became 
25% by weight to obtain a solid microparticle dispersion of phosphoryl 
compound. The phosphoryl compound particles contained in the 
dispersion obtained as described above had a median diameter of 0.45 
]Am and the maximum particle size of 2.0 jum or less. The obtained 
reducing agent dispersion was filtered through a polypropylene filter 
having a pore size of 10.0 \m to remove dusts and so forth, and stored. 

< < Pr epara t i on of 25 weight % dispersion of organic po 1 y ha 1 og e na t ed 
compound 2 > > 

A dispersion was prepared in the same manner as the preparation 
of the 20 weight % dispersion of organic po 1 yha 1 ogena t ed compound 
1 except that 5 kg of t r i b r omome t hy 1 ( 4 - ( 2 , 4 , 6 - t r i m e t hy 1 ph eny 1 - 
sulfonyl ) phenyl ) sul f one was used instead of 5 kg of tr ibromome thyl - 
naph t hy 1 su 1 f one , diluted so that the concentration of the organic 
polyhalogenated compound became 25 weight %, and filtered. The 
organic polyhalogenated compound particles contained in the organic 
polyhalogenated compound dispersion obtained as described above had 
a median diameter of 0.38 jam and the maximum particle size of 2.0 
jam or less. The obtained organic polyhalogenated compound 
dispersion was filtered through a polypropylene filter having a pore 
size of 3.0 jam to remove dusts and so forth, and stored. 

< < Pr epa ra t i on of 30 weight % dispersion of organic polyhalogenated 
compound 3>> 

A dispersion was prepared in the same manner as the preparation 
of the 20 weight % dispersion of organic polyhalogenated compound 
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1 except that 5 kg of tribromomethylphenyl sul f one was used instead 
of 5 kg of t r i b r omome thy 1 naph t hy 1 su 1 f one and the amount of the 20 
weight % aqueous solution of MP2 0 3 was changed to 5 kg # diluted so 
that the concentration of the organic polyhalogenated compound became 
30 weight %, and filtered. The organic polyhalogenated compound 
particles contained in the organic polyhalogenated compound 
dispersion obtained as described above had a median diameter of 0.41 
jam and the maximum particle size of 2.0 |j,m or less. The obtained 
organic polyhalogenated compound dispersion was filtered through a 
polypropylene filter having a pore size of 3.0 jim to remove dusts 
and so forth, and stored. The dispersion was stored at 10°C or less 
until use . 



<< Preparation of coating solution for i mag e - f o r mi ng layer 
(photosensitive layer) >> 

1.1 g of the 20 weight % dispersion of pigment, 103 g of the 
dispersion of silver salt of an organic acid, 5 g of the 20 weight % 
aqueous solution of polyvinyl alcohol (PVA-205, Kuraray Co., Ltd.), 
25 g of the 25 weight % dispersion of reducing agent, 9.4 g of 
dispersion of phosphoryl compound, 16.3 g in total of Polyhalogenated 
compound dispersion 1, 2 and 3 (weight ratio = 5:1:3), 6.2 g of the 
10% dispersion of mercapto compound, 106 g of 40 weight % SBR latex 
subjected to purification by ultrafiltration (UF) and pH adjustment 
and 18 ml of the 5 weight % solution of phthalazine compound, which 
were obtained above, were added to 10 g of Mixed emulsion A of silver 
halide, and mixed sufficiently to prepare a coating solution for 
image - forming layer. The coating solution was fed as it was to a 
coating dye in such an amount that the coated amount should be 70 
ml/m 2 . 



< < P r epa r a t i on of pho t o the rmog r aphi c material)) 

A sample of the photothermographic material, Sample 202, was 
prepared in the same manner as in Example 1 except that the 
aforementioned materials were used. 

Samples 201 and 203-218 were prepared in the same manner as 
Sample 2 0 2 except that the kind and amount of the reducing agent and 
the amount of the phosphoryl compound were changed as shown in Table 
2 . 

Further, Samples 301-316 were similarly prepared by changing 
the kinds and amounts of the reducing agent and the phosphoryl 
compound to those mentioned in Table 3. 
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When a sample was prepared by using a reducing agent different 
from that of Sample 2 02, another reducing agent was used instead of 
l,l-bis(2-hydroxy-3 / 5-dimethylphenyl) -3,5,5-trimethylhexane used 
for the aforementioned 25 weight % dispersion of reducing agent. 

Image storability of the samples was evaluated by storing each 
photosensitive material after heat development at 60°C and relative 
humidity of 50% for one day, and measuring change of densities A 
min in blank portions before and after the storage. The results are 
shown in Tables 2 and 3. 

((Evaluation of photographic per f ormanc e > > 

Each photographic material was 1 i gh t - e xpo s e d and 
hea t - de ve 1 oped (about 120 °C) by using Fuji Medical Dry Laser Imager 
FM-DP L (provided with a semiconductor laser of 660 nm, maximum 
output: 60 mW (IIIB)), and the obtained image was evaluated by using 
a densitometer. The results are shown in Tables 2 and 3. 
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As clearly seen from the results shown in Table 2, by using 
a reducing agent of the formula (I) and a compound having a phosphoryl 
group in combination, fog (Dmax) after heat development can be 
suppressed and increase of Dmin after image storage can be markedly 
reduced without substantially reducing development density (Dmax). 

Because (1-3) and (1-4) are highly active, their amounts can 
be markedly reduced as shown in Table 2. Such highly active reducing 
agents give strong fog and hence degrade image stability after the 
treatment. However, by using a phosphoryl compound in combination 
according to the present invention, the fog can be suppressed, and 
image stability after the treatment can be markedly improved at the 
same t ime . 

From the results shown in Table 3, it is also clear that the 
combination of a reducing agent and a phosphoryl compound is effective 
for suppression of fog and improvement of image storability. 

(Example 3) 

Structures of the compounds used in Example 3 are shown below. 
Compound G 



Dye A 




Compound A 

OCH 2 CH 2 OH 
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Sensitizing dye A 




Compound B Nucleating agent A 




Polyhalogena ted compound A P o 1 y ha 1 o g en a t e d compound B 




Compound C 




C 3 H r i 



SQ 3 Na 



Compound Z 
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Compound D 



OH CH 3 O 
CH 3x | | 3 II CH 3 
,CHCH— CCH 2 OCCH C 

CH 3 ^ I , , CH 3 

3 CH 3 3 

Compound E 



C a F 17 S0 2 NCH 2 COOK 
C 3 H 7 



Compound S 



H 



H 

Compound F 



XX. 



^COOH 



< < P r epa r a t i on of PET support)) 

Using terephthal ic acid and ethylene glycol, PET having an 
intrinsic viscosity IV of 0.66 (measured in phenol/ tetrachloroethane 
- 6/4 (weight ratio) at 25°C) was obtained in a conventional manner. 
The PET was pelletized, and the pellets were dried at 130°C for 4 
hours, melted at 300°C, extruded from a T-die, and quenched to prepare 
an unstretched film having such a thickness that the film thickness 
after thermal fixation should become 120 Jim. 

The film was stretched along the longitudinal direction by 3 . 3 
times using rollers having different peripheral speeds and then 
stretched along the transverse direction by 4.5 times using a tenter. 
In this case, the temperatures were 110°C and 130°C, respectively. 
Thereafter, the film was subjected to thermal fixation at 240°C for 
20 seconds and relaxed by 4% along the transverse direction at the 
same temperature. Then, after chucks of the tenter were released, 
the both edges of the film were knurled, and the film was rolled up 
at 4.8 kg/cm 2 to provide a roll of PET support having a width of 2.4 
m, length of 3 5 0 0 m and thickness of 120 ^im . 
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<<Coating of undercoat)) 

Undercoat layer (a) and Undercoat layer (b) having the 
following compositions were applied successively on both sides of 
the PET support obtained above, and each dried at 180°C for 4 minutes. 
Thickness of Undercoat layer (a) was 2.0 ym . 

(1) Composition of Undercoat layer (a) 

Polymer latex (A) (core shell type latex comprising 90 wt% 
of core and 10 wt% of shell, core: vinylidene 
chloride/methyl acrylate/methyl methacrylate/ 
acryloni trile/acrylic acid = 9 3/3/3/0.9/0.1 (wt%), 
shell: vinylidene chl or i de /me thy 1 acrylate/methyl 
methacrylate/acrylonitrile/acrylic acid - 88/3/3/3/3 
(wt%), weight average molecular weight; 38000) 

3 . 0 g/m 2 
as solid content 
2,4-Dichloro-6-hydroxy-S-triazine 23 mg/m 2 

Matting agent (polystyrene, 

mean diameter; 2.4 jam) 1.5 mg/m 2 

(2) Composition of Undercoat layer (b) 
Deionized gelatin ( C a 2 + content; 0.6 ppm, 

jelly strength; 230 g) 50 mg/m 2 

<<Formation of back layer)) 

The following e 1 ec t r oconduc t i ve layer and protective layer 
were successively applied to one side of the PET support provided 
with the two undercoat layers obtained above, and each dried at 180°C 
for 4 minutes to prepare a back layer. 
(1) Composition of e 1 e c t r o c ondu c t i ve layer 
Jul imer ET - 4 1 0 

(Nihon Junyaku Co., Ltd.) 96 mg/m 2 

Alkali- treated gelatin 

(molecular weight; about 10000, 

Ca 2+ content; 30 ppm) 42 mg/m 2 

Deionized gelatin 

(Ca 2+ content; 0.6 ppm) 8 mg/m 2 

Compound G 0.2 mg/m 2 

Polyoxyethy lene phenyl ether 10 mg/m 2 

Sumitex Resin M-3 

(water-soluble melamine resin, 
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Sumitomo Chemical Co., Ltd.) 18 mg/m 2 

Dye A Amount giving 

optical density of 
1.2 at 783 nm 

Sn0 2 /Sb (weight ratio: 9/1, 

acicular grains, short axis/long axis 

= 20-30, Ishihara Sangyo Kaisha, Ltd.) 160 mg/m 2 

Matting agent 
(Polymethyl m e t ha c r y 1 a t e , 

mean particle size: 5 pm ) 7 mg/m 2 

(2) Composition of protective layer 

Polymer latex (B) (copolymer of methyl 

methacrylate/styrene/2-ethylhexyl acrylate/ 
2-hydroxyethylethyl methacrylate/acrylic 
acid - 5 9 / 9 / 2 6 / 5/ 1 (wt%) ) 

Polys tyrenesulfonate 

(molecular weight: 1000-5000) 
Cellosol 524 

(Chukyo Yushi Co., Ltd.) 
Sumitex Resin M-3 

(water-soluble melamine compound, 
Sumitomo Chemical Co., Ltd.) 

<<Heat treatment during t r a n s po r t a t i on > > 

(1) Heat treatment 

The PET support with back layers and undercoat 
as described above was subjected to heat treatment 
it into a heat treatment zone having a total length 
160°C, and transporting it at a tension of 3 
transportation speed of 20 m/minute. 

(2) Post-heat treatment 

Following the aforementioned heat treatment, . the support was 
passed through a zone at 40°C for 15 seconds, and rolled up. The 
rolling up tension for this operation was 10 kg/cm 2 . 

<< Preparation of coating solution for i mage - f orming layer>> 
(1) Preparation of organic acid silver salt dispersion 

Behenic acid (87.6 g, product name: Edenor C22-85R, Henkel 



1000 mg/m 2 
as solid content 

2.6 mg/m 2 

25 mg/m 2 

218 mg/m 2 



layers prepared 
by introducing 
of 200 m set at 
kg/cm 2 and a 



109 



Corp.), distilled water (423 ml), 5 mol/LNaOH aqueous solution (49.2 
ml) and tert-butyl alcohol (120 ml) were mixed and allowed to react 
at 75°C for 1 hour with stirring to prepare a sodium behenate solution. 
Separately, an aqueous solution of (206.2 ml) of silver nitrate (40.4 
g) was prepared and maintained at 10 °C . A reaction vessel containing 
distilled water ( 6 3 5 ml) and tert-butyl alcohol (30 ml) were 
maintained at 30°C / and added with the whole volumes of the sodium 
behenate solution and the aqueous silver nitrate solution at constant 
flow rates over 62 minutes and 10 seconds, and 60 minutes, 
respectively. This operation was designed so that only the aqueous 
silver nitrate solution was added for 7 minutes and 20 seconds after 
starting the addition of the aqueous silver nitrate solution. Then, 
addition of the sodium behenate solution was started so that only 
the sodium behenate solution was added for 9 minutes and 30 seconds 
after the completion of the addition of the aqueous silver nitrate 
solution. During this procedure, the internal temperature of the 
reaction vessel was maintained at 30°C, and controlled so that the 
mixture temperature was not raised. Piping of the sodium behenate 
solution addition system was warmed by a steam tracing, and steam 
amount was controlled so that the solution temperature at the outlet 
of addition nozzle tip became 75°C. Further, piping of the aqueous 
silver nitrate solution addition system consisted of a double pipe 
system, and was cooled by circulating cooled water outside the double 
pipe. The addition points of the sodium behenate solution and the 
aqueous silver nitrate solution were symmetrically located with 
respect to a stirring axis, and the heights thereof were controlled 
so as not to contact with the reaction mixture. 

After the completion of the addition of the sodium behenate 
solution, the mixture was left at that temperature for 20 minutes 
with stirring so that the temperature of the mixture was lowered to 
25°C. Thereafter, the solid content was separated by centrifugal 
filtration, and washed with water until the conductivity of the 
filtrate became 30 pS/cm. The solid content obtained as described 
above was not dried but stored as a wet cake. 

The shape of the obtained silver behenate grains was analyzed 
by electron m i c r opho t og r aphy . The obtained grains were scale 
crystals having an average projected area diameter of 0.52 pm , an 
average grain thickness of 0.14 pm , and a variation coefficient of 
15% for average diameter as spheres. 

To the wet cake corresponding to 100 g of dry solid content, 
7.4 g of polyvinyl alcohol (trade name: PVA-217, average 
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polymerization degree: about 1700) and water were added to make the 
total amount 385 g, and the resulting mixture was preliminarily 
dispersed in a homomixer. Then, the preliminarily dispersed stock 
solution was treated three times in a dispersing machine (trade name: 
Mi cro f luidi zer M-110S-EH, manufactured by Microf luidex 
International Corporation, using G10Z interaction chamber) under a 
pressure controlled to be 1,750 kg/cm 2 to obtain a silver behenate 
dispersion as organic acid silver salt dispersion. During the 
cooling operation, a desired dispersion temperature was established 
by providing coiled heat exchangers fixed before and after the 
interaction chamber and controlling the temperature of the 
refrigerant . 

The silver behenate grains contained in the silver behenate 
dispersion obtained as described above were grains having a volume 
weighted mean diameter of 0.52 \im , and a variation coefficient of 
15%. The grain size was measured by Master Sizer X manufactured by 
Malvern Instruments Ltd. Further, when the grains were evaluated 
by electron m i c r opho t o g r aphy , they were grains having a ratio of long 
axis length and short axis length of 1.5, a grain thickness of 0.14 
pm, and an average aspect ratio (ratio of circular diameter of 
projected area of grain and grain thickness) of 5.1. 

(2) Preparation of photosensitive silver halide emulsion 

In 7 0 0 ml of water, a 1 ka 1 i - t r ea t ed gelatin (calcium content: 
2 7 0 0 ppm or less, 11 g), potassium bromide (30 mg) and sodium 
benzene thiosul f onate (10 mg) were dissolved. After the solution was 
adjusted to pH 5.0 at a temperature of 40°C, 159 ml of an aqueous 
solution containing silver nitrate (18.6 g) and an aqueous solution 
containing 1 mol/1 of potassium bromide, 5 * 10" 6 mol/1 of 
( NH 4 ) 2 RhC 1 5 ( H 2 0 ) and 2 * 10 5 mol/1 of K 3 lrCl 6 were added by the control 
double jet method over 6 minutes and 30 seconds while pAg was 
maintained at 7.7. Then, 476 ml of an aqueous solution containing 
silver nitrate (55.5 g) and an aqueous solution containing 1 mol/1 
of potassium bromide and 2 * 10" 5 mol/1 of K 3 IrCl 6 were added by the 
control double jet method over 28 minutes and 30 seconds while pAg 
was maintained at 7.7. 

Then, the pH was lowered to cause coagulation precipitation 
to effect desalting, Compound A (0.17 g) and low molecular weight 
gelatin having an average molecular weight of 15,000 (calcium 
content: 20 ppm or less, 51.1 g) were added, and pH and pAg were 
adjusted to 5.9 and 8.0, respectively. The grains obtained were 
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cubic grains having an average grain size of 0.08 um , a variation 
coefficient of 9% for projected area and a [100] face ratio of 90%. 

The temperature of the photosensitive silver halide grains 
obtained as described above was raised to 60°C, and added with sodium 
benzene thiosul f ona te (76 pmol per mole of silver) . After 3 minutes, 
trie thyl thiourea (71 pmol) was further added, the grains were ripened 
for 100 minutes, then added with 5 * 1 0 * 4 mol/1 of 4-hydroxy-6-methyl- 
1 , 3 , 3a , 7 - tetrazaindene, and cooled to 40°C. Then, Sensitizing Dye 
A and Compound B were added in amounts of 12.8 * 10" 4 mol and 6.4 x 
10" 3 mol per mole of the photosensitive silver halide with stirring 
while the emulsion was maintained at 40°C. After 20 minutes, the 
emulsion was quenched to 30°C to complete the preparation of 
photosensitive silver halide emulsion. 

(3) Preparation of solid mi c ropa r t i c 1 e dispersion of ultrahigh 
contrast agent 

An ultrahigh contrast agent (Nucleating agent A, 10 g) was 
added with polyvinyl alcohol (2.5 g, PVA-217, produced by Kuraray 
Co., Ltd.) and water (87.5 g), and the mixture was thoroughly stirred 
to form slurry. The slurry was left for 3 hours. Then, 0 . 5 - mm 
zirconia beads ( 24 0 g) were prepared and put together with the slurry 
into a vessel. The contents in the vessel were dispersed in a 
dispersing machine (1/4G Sand Grinder Mill, manufactured by Imex Co.) 
for 10 hours to prepare a solid m i c r opa r t i c 1 e dispersion. In. this 
dispersion, 80 wt% of the m i c r op a r t i c 1 e s had a particle size of from 
0.1 to 1.0 ym, and the average particle size was 0.5 pm . 

(4) Preparation of solid mi c r opa r t i c 1 e dispersion of reducing agent 

To l,l-bis(2-hydroxy-3,5-dimethylphenyl) -3,5,5-trimethyl- 
hexane (25 g), a 20 weight % aqueous solution of MP Polymer (25 g, 
MP-203, produced by Kuraray Co., Ltd.), Safinol 104E (Nisshin Kagaku 
Co., Ltd., 0.1 g), methanol (2 g) and water (48 ml) were added, and 
the mixture was thoroughly stirred to form slurry. The resulting 
slurry was left for 3 hours. Then, 1-mm zirconia beads ( 3 6 0 g) were 
prepared and put together with the slurry into a vessel . The contents 
in the vessel were dispersed in a dispersing machine (1/4G Sand 
Grinder Mill, manufactured by Imex Co.) for 3 hours to prepare a solid 
microparticle dispersion of reducing agent. In this dispersion, 80 
weight % of the grains had a particle size of from 0.3 to 1.0 jam. 
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(5) Preparation of solid microparticle dispersion of polyhalogena ted 
compound 

Polyhalogena ted compound A (30 g) was added with MP Polymer 
(4 g, MP-203, produced by Kuraray Co., Ltd.), Compound C (0.25 g) 
and water (66 g) , and the mixture was thoroughly stirred to form slurry 
Then, 0.5-mm zirconia silicate beads ( 2 0 0 g) were put together with 
the slurry into a vessel. The contents in the vessel were dispersed 
in a dispersing machine (1/16G Sand Grinder Mill, manufactured by 
Imex Co.) for 5 hours to prepare a dispersion of Po 1 yha 1 ogena t ed 
compound A. In this dispersion, 80 weight % of the microparticles 
had a particle size of from 0.3 to 1.0 pm . 

A solid microparticle dispersion of Polyhal ogenated compound 
B was also prepared in the same manner as that for Polyha logena t ed 
compound A. The microparticles in this dispersion had a similar 
particle size . 

(6) Preparation of solid microparticle dispersion of zinc compound 

Compound Z (30 g) was added with MP Polymer (3 g, MP-203, 
produced by Kuraray Co., Ltd.) and water (87 ml), and the mixture 
was thoroughly stirred to form slurry. The slurry was left for 3 
hours. Then, the slurry was treated in the same manner as the 
preparation of the solid microparticle dispersion of reducing agent 
mentioned in the above (4) t o p r epa r e a s o 1 i d mi c r opa r t i c 1 e d i spe r s i on 
of zinc compound (Compound Z). In this dispersion, 80 weight % of 
the microparticles had a particle size of from 0.3 to 1.0 pm . 

(7) Preparation of coating solution for i ma g e - f o rm i n g layer 

The following components were added to the dispersion of silver 
salt of an organic acid (silver behenate) prepared in the above (1) 
in the specified amounts per 1 mole of silver in the dispersion, and 
added with water to prepare a coating solution for i mag e - f o rm ing 
layer. 



Photosensitive silver halide emulsion 

obtained in the above (2) 0.05 mole as Ag 

Solid microparticle dispersion of 

nucleating agent obtained 

in the above (3) 17.1 g as solid 

Solid microparticle dispersion of 
reducing agent obtained 

in the above (4) 166 g as solid 
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Polyhalogenated compound dispersion A 

obtained in the above (5) 
Polyhalogenated compound dispersion B 

obtained in the above (5) 
Solid micropar ticle dispersion of 

zinc compound obtained 

in the above (6) 
Binder : LACSTAR 3307B 
(SBR latex, produced by Dai-Nippon 

Ink & Chemicals, Inc., glass 

transition temperature: 17°C) 
Sodium e thane thi o sul f ona t e 
5-Methylbenzotriazole 
Polyvinyl alcohol 

(PVA-235, Kuraray Co., Ltd.) 
6 - Isopropylphthalazine 
Sodium dihydrogenor thopho spha te 

d i hydra t e 
Dye A 



0.06 mole as solid 



0.02 mole as solid 



10.5 g as solid 



470 g as solid 
2 . 2 mmol e 
1.36 g 

12.1 g 
16.5 g 

0.37 g 

Amount giving 
optical density of 
0.3 at 783 nm 
(about 0.50 g ) 



<< Preparation of coating solution for protective layers on 
image- forming side>> 

(1) Preparation of coating solution for protective layer (a) on 
image-forming side 

A polymer latex solution containing copolymer of methyl 
me t ha c r y 1 a t e / s ty r ene / 2 - e t hy 1 hexy 1 a c ry 1 a t e / 2 - hy dr oxy e thy 1 meth- 
acrylate/acrylic acid = 58.9/8.6/25.4/5.1/2 (wt%) (glass transition 
temperature: 57°C, solid content: 21.5 weight %, average particle 
diameter: 120 nm, containing Compound D as a film-forming aid in an 
amount of 15 weight % relative to solid content of the latex, 956 
g) was added with water, Compound E (1.62 g), Compound S (3.15 g), 
matting agent (polystyrene particles, average diameter: 7 pm , 
variation coefficient of 8% for average particle size, 1.98 g) and 
polyvinyl alcohol (PVA-235, Kuraray Co., Ltd., 23.6 g) and further 
added with water to form a coating solution for protective layer (a) 
on image - forming side. 

(2) Preparation of coating solution for protective layer (b) on 
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image -forming side 

A polymer latex solution containing copolymer of methyl 
methacrylate/styrene/2-ethylhexyl acrylate/2-hydroxyethyl me th - 
acrylate/acrylic acid = 5 8.9/8.6/25.4/5.1/2 (wt%) (glass transition 
temperature: 54°C, solid content: 21.5 weight %, average particle 
diameter: 70 nm, containing Compound D shown in (6-1) as a 
film-forming aid in an amount of 15 weight % relative to solid content 
of the latex, 630 g) was added with water, 30 weight % solution of 
carnaubawax (Cellosol 524, Chukyo Yushi Co. , Ltd., 6.30 g), Compound 
E (0.72 g), Compound F (7.95 g), Compound S (0.90 g), which were 
mentioned in the above (1), matting agent (polystyrene particles, 
average diameter: 7 pm, 1.18 g) and polyvinyl alcohol (PVA-235, 
Kuraray Co., Ltd., 8.30 g) and further added with water to form a 
coating solution for protective layer (b) on image - forming side. 

< < P r epa ra t i on of pho t o t h e rmog r aph i c material)) 

On the side opposite to the side provided with the back layer 
of the aforementioned PET support subjected to the heat treatment 
during transportation, i.e., the side of the support coated with 
Undercoat layer (a) and Undercoat layer (b), the coating solution 
for image - forming layer was coated so that the coated silver amount 
became 1.6 g/m 2 . Further, the coating solution for Protective layer 
(a) for image - forming surface was coated on the i ma g e - f o r m i ng layer 
simultaneously with the coating solution for image - forming layer as 
laminated layers, so that the coated solid content of the polymer 
latex became 1.31 g/m 2 . Then, the coating solution for Protective 
layer (b) for image- forming surface was coated on the coated layer, 
so that the coated solid content of the polymer latex became 3.02 
g/m 2 to prepare a photothermographic material. The film surface pH 
of the obtained photothermographic material on the image- forming side 
was 4.9, and the Beck's smoothness was 660 seconds. As for the 
opposite surface, the film surface pH was 5.9 and the Beck's 
smoothness was 560 seconds. 

Samples were prepared with various kinds and coated amounts 
of phenolic reducing agents (compounds of the formula (I)) and 
compounds of the formulas (II), (III), (IV) and (V) as in Example 
1 so that the samples gave substantially comparative development 
density to the above sample, and they are evaluated for image 
s torabi 1 i ty . 

((Evaluation)) 
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( 1 ) Light exposure 

Each photothermographic material was light exposed for 2 * 10' 8 
seconds by using a laser 1 i gh t - exposure apparatus of single channel 
cylindrical inner surface type provided with a semiconductor laser 
with a beam diameter (1/2 of FWHM of beam intensity) of 12.56 ym, 
laser output of 50 mW and output wavelength of 7 8 3 nm . The exposure 
time was adjusted by controlling the mirror revolution number, and 
exposure was adjusted by changing output. The overlap coefficient 
of the light exposure was 0.449. 

(2) Heat development 

The 1 ight - exposed photothermographic material obtained in the 
above (1) was hea t - de ve 1 oped by using a h e a t - de ve 1 op i ng apparatus 
as shown in Fig.l, in which the roller surface material of the heat 
development section was composed of silicone rubber, and the flat 
surface consisted of Teflon non-woven fabric. The heat development 
was performed at a transportation linear speed of 20 mm/second in 
the preheating section at 90-110°C for 15 seconds (driving units of 
the preheating section and the heat development section were 
independent from each other, and speed difference as to the heat 
development section was adjusted to -0.5% to -1%), in the heat 
development section at 120°C for 20 seconds, and in the gradual 
cooling section for 15 seconds. The temperature precision as for 
the transverse direction was ± 1°C. 

(3) Evaluation of hea t - deve 1 oped image storability after storage in 
dark place 

The photothermographic materials subjected to light exposure 
and heat development were evaluated in the same manner as in Example 
1 . 

As a result, it became clear that the photothermographic 
materials of the present invention showed more superior performance 
compared with comparative examples, and even ultrahigh contrast 
photothermographic materials showed superior image storability 
comparable to that observed in Example 1. 

( Exampl e 4 ) 

Fourteen kinds of photothermographic materials were prepared 
by replacing Compound (II-2) in Sample 102 with an equimolar amount 
of each of the compounds mentioned in Table 4. Each 
photothermographic material was evaluated for image storability (A 
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Dmin) in the same manner as in Example 1. The results are shown in 
Tabl e 4 . 



Table 4 





Compound used in 


Image 




Sample No. 


combination with 


storability 


Note 




reducing agent 


ADmin 




4 01 


11-56 


0.039 


Invention 


4 02 


11-57 


0.034 


Invention 


403 


11-58 


0.030 


Invention 


4 04 


11-61 


0.022 


Invention 


4 05 


11-62 


0.018 


Invention 


406 


11-64 


0.029 


Invention 


4 07 


11-66 


0.040 


Invention 


4 08 


11-69 


0.020 


Invention 


4 09 


11-71 


0.027 


I n ven t i on 


4 10 


11-77 


0.039 


Invention 


4 1 1 


11-81 


0.028 


Invention 


412 


11-84 


0.037 


Invention 


4 13 


11-85 


0.034 


Invention 


4 14 


11-88 


0.037 


I n ve n t i on 



When a phosphoryl compound having a substituent at the 
o-position of phenyl group was used, superior image storability was 
obtained. 

{Example 5) 

A sample of pho t o t he rmog r aph i c material, Sample 501, was 
prepared in the same manner as that for Sample 105 prepared in Example 
1, except that the SBR latex used for the photosensitive layer of 
Sample 105 in Example 1 was replaced with the same weight of latex 
of styrene ( 7 0 . 5 ) /bu tadi ene ( 2 6 . 5 ) / a c r y 1 i c acid (3) copolymer (Tg: 
23°C, average particle size: 92 nm). 

The surface condition of the coated sample was confirmed to 
be transparent by visual observation. In Sample 502, which 
corresponded to Sample 501 not containing Compound (II-2), it was 
confirmed that the film-forming property and transparency were 
degraded and haze was increased because a high Tg binder was used. 
Therefore, it was confirmed that Compound (II-2) also played a role 
of a plasticizer. 
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Change of color tone in Samples 501 and 5 02 was also evaluated. 

<<Evaluation of color tone>> 

Each photographic material was 1 i gh t - expo s ed and 
heat - developed (about 120°C) by using Fuji Medical Dry Laser Imager 
FM-DP L (provided with a semiconductor laser of 660 nm, maximum 
output: 60 mw (IIIB)), and visible absorption spectrum of a portion 
having a density of 1.0 in the obtained image was determined to obtain 
chromaticity coordinates in the L*a*b* color space using an F2 
fluorescent lamp as a light source. Then, the sample after the 
treatment was left for one day under fluorescent lighting (1000 lux, 
30°C / 80%) , and the chromaticity coordinates were determined for the 
same portion as the portion where the chromaticity coordinates were 
obtained before irradiation. Color difference AEab* before and 
after the irradiation of fluorescent lighting to obtain the magnitude 
of color tone change caused by the irradiation of fluorescent lighting 
If the value of Sample 5 02 was taken as 100, the value of Sample 501 
was 30. Thus, it was confirmed that the change in color tone was 
also reduced by using a compound of the present invention. 

(Example 6) 

The pho to thermographi c material of Example 2 according to the 
present invention was cut into sheets of B4 size, and 151 sheets of 
pho to thermographi c material 1 in B4 size were stacked, packaged with 
an inner packaging material made of polypropylene, and further 
packaged with an outer packaging material composed of an aluminum 
sheet coated with polypropylene over the outside of the inner 
packaging material as shown in Fig. 2. The air space was adjusted 
to be 33% or 10% by controlling the gas sucking pressure when the 
inner packaging material was packaged with the outer packaging 
material . 

The space ratio was calculated as follows. The volume of the 
outer packaging material (A) was obtained by immersing the packaged 
material in water. Then, the packaged material was opened, and the 
specific gravity of the inner packaging material was obtained to 
calculate its volume (B) . Finally, from the thickness of the stacked 
photosensitive material (C) and the area of the sheets (D) , the volume 
of the photo thermographic material was obtained ( E = D * C ) , and the 
space ratio was obtained as a value of (A - B - E)/A x 100) . Further, 
the packaging with the outer packaging material was performed under 
a nitrogen partial pressure of 80% so that the nitrogen partial 
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pressure in the outer packaging material became 80%. Further, the 
packaging was performed so that the humidity in the package was 40% 
RH by selecting the atmosphere. The humidity in the package was 
measured by using a hygrometer inserted into a small hole opened in 
the outer packaging material after the photosensitive material was 
left at 25°C for 10 days. 

Then, the material was stored in the aforementioned state at 
40°C for 10 days. The pho t o t he rmogr aphi c materials before and after 
the storage were 1 i ght - expos ed and hea t - developed (about 120°C) by 
using Fuji Medical Dry Laser Imager FM-DP L (provided with a 
semiconductor laser of 660 nm, maximum output: 60 mW (IIIB)), and 
the obtained images were evaluated by using a densitometer. 

Change in the optical density before and after the storage was 
calculated. As a result, it was found that a smaller space ratio 
gave a smaller change in optical density. 
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